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Monkigneur = DAUPE my N. 
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Monszionzus, 


- 


ETER I had 90500 a Deſign 
A of writing and publiſhing a 
| Courſe of Lectures in Experi- 


mes Philoſophy, which I had. taught | 


for many years; I could not have wiſh- 
ed a more favourable Opportunity, to 
offer them to the Publick, than fince | 
you have been pleaſed to honour them 
with your Preſence and Regard. I ſhall 
noy be excuſed, in the Publication of 
this Work, from extolling the Uſefulneſs. 
of it's Subject, or ſhewing the Dignity = 

[a2]. bs 


of it: For cheſe are ſufficiently proved, 
I ati theo Gb of, your in 
quiries, and by having the Approbation 
of thoſe wiſe Counſels which conduct 
your Studies. Such an Example would 
fully inſtruct us, were it not alrea- 
dy univerſally acknowledged, that the 
Knowledge of natural Effects is ſuitable 
to all Conditions. We might alſo con- 
elude from it, that it is ſuitable to all 

Ages; had you made no more than a 
Glas PhGebbod in Lebt Müde 
and had we not known the Proofs you 


have given, of a Genius OY . 
| at a State oy" W 1 0 AER 
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Pot theſe Ten Years” that I have 
halibut to form, and' brin g to Per- 
ſection, a School of Wr Philoſophy, 


20. what 


Saito 
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what has moſt animated andi fu * = 

my Zeal in, this Jaboriqus UNndertaking, 
Was the Hope 1 flattered myſelf ff 
being able one Day, Monſeigneur, to 
offer the Fruits of it to you. That Day 
is now come, the Limit of my Hopes 
and Deſires, and your own Commands 
| Engage me to it. ee TO 1 5 


Tus Publick will be informed of my 
good Fortune by this Dedication, and 
without doubt will perceive; with Plea- 
ſure, that in making uſe of my weak | 
Abilities; you honour with your. fayour- 
able Regards an Inſtitution, to which it 
has alfead y given its Approbation. 


And everybody will be convinced, as 
well as myſelf, how happy I am to 
have ſo favourable an Occaſion of pro- 
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publick Te 


my Zeal, and of giving this | 
ny of my inviolable 


Attachment, and of the profound Re- 
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which I ought to 
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r FJ HEN a Science comprehends only 
ſome Queſtions of ſmall Conſide- 
ration, or tho they may ſeem; to 
be of ſome Importance, yet if it 
determines thoſe Queſtions only by probable 
Arguments, and is ſupported only by ſpecious 
Hypotheſes; ſuch a Science will engage the At- 
tention of but few. It ſeldom comes into much 
Credit, nor will it receive any Improvement 
from Time, unleſs the Object of it be enlarged 
and re formed. For the Deſire of Knowledge, 
| which is innate in us, and which alone can 
excite our Application, will naturally lead us to - 
the Love of Truth, and will fix us therein, 
when we :have any Intereſt to ſerve by it. 

Tu is Reflection may eaſily be confirmed by 
the Hiſtory of Natural Philoſophy, if we do 
but conſider the ſeveral Reyolutions it has 1 
fered from Time to Tine . 
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Fox gear T wenty Ages this Science has 
| hardly beeg any . elſa, than — of 
empty Syſtems, ! heaped. one upon another, and 
often contradictory to one another. Boers 
Philoſopher thought himſelf at Liberty to raiſe 
a kind of Monument to his on Reputation, 
which Was built upon the Ruins of all that 
went before him. Nothing could be perceived 
but ſome plauſible Scheme, which deſtroyed an 
. Hundred others which ſeemed as plauſible. 

| THESE vain Attempts, ſo often renewed, 1 
gave but little Credit to the Opinions of Philo- 
ſophets: : And the Effet naturally reſulting 
from- thence, was to keep Men in Suſpence 
about che Doctrine of all. Natural Philoſophers. 
Nor can we be much ſurprized, if their Cu- 
rioſity was but little moved by a kind of 
Knowledge, 3 in which they ſaw ſo much Uncer- 
tainty to prevail, eſpecially when delivered in 
Terms which were ſo obſcure. For in thoſe Ages 
of Barbarity, as if the Sciences were aſſamed of 
their own Nakedneſs, and did not care to be 


too openly expoſed, thoſe that profeſſed tbem 


affected a Language which conveyed none but 
confuſed; Ideas, the greateſt part of which were 


abſolutely unintelligible, except to thoſe who 

had befare reſolved to be ſatisfied with them. 

Inſtead of Ex lanati ns: they had recourſe to 
ben Words 
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periment, of penetrating into her 'Myſt 
— and well directed n mY 


P REPUTE ir” 
Words void of Meanitig? wiel had been In- 
troduced by the Nuthorit of Tre gte 11 


Names, and which à tos" awful *Fefpet n 
obliged them to retain,” tho" rhey'could hot de. 


i 7 1 7 1 pie 
rive any Light bin ther coc cee 
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Bor the“ Natural Philo phy "kat hitherto 
been cultivated very imperfectly, 0 was hack ſp 
ly known," yet at laſt ſhe appeared in open Pay, Ne 
and was received with Approbation whe The 
offered uſeful Diſcoveries, and evident Truths, 
and when ſhe became intelligible to all the 
knowing World. Des Cartes was her firſt Re- 
former, and drew her out of the Obſturity of 
the Schools, where” ſhe had grown eld under 
the Authority of Ariſtotle. He left her nothin — 


but the Name ſhe had hitherto been kiswnb y, 


and made her ſuch as the Schools thetniſel 
after being refotmed themſelves b y ee, 
have adopted her in this new State, Kück teck | 
her now in Terms that are intelligible?© 510 
Tus Reformation conſiſts "chiefly if the © 
Manner of ſtudying Nature. Inſtead of making 


Conjectures, as had been the Practice before, 
and giving her as many Interitions and paftielar 
Powers as were the Phænomena to be &plamed, 


they took the Courſe of examining” Het by Eu" © 


made 


— 
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3 PREPHCE 
made it a Rule not to admit any thing as a Dif: 
covery, but what ſhould a appear to be 7 


40 p K 


0 Curiolity, the Lovers of Science _ up 
| every where, of both Sexes and of all auc 


tions. 

Wa EN the Taſte for Phyſicks became al- 
moſt general, it was then expedient to have it's 
Principles digeſted in ſuch a manger, t that every 
body might reap the Benefit of them. We 
ſoon. ſaw then Elementary Treatiſes i in ſeveral 


Languages, which in this reſpect might ſupply 
the Wants of the Publick, But the Science 


"468 more and more enge pe ſection 
Diſcoveries: increaſed, Erro ts were corrected, , 
and Doubts were cleared up. The ſame Mo- 


tives that cauſed them to compoſe - theſe. Ele- 


ments, obliged them to renew them from Time 


to Time, in order to admit the Improvements, 


the Corrections, and the Illuſtrations, which 


were of great Ule to ſuch as were concerned in 
the Progteſs of this Science. Beſides it was 
neceſſary that this Kind of Works ſhould be 
adapted to the Genius and Capacity of the ſe⸗ 


veral Readers for whom they were deſigned, 
1 know many excellent ones of this Sort, 


which 


Holland, in Germany, and which, if they 
tranſlated into our Language, would hardly 
meet with ſo many Readers in France, becauſe 
the Principles: are delivered in too cloſe. and 
conciſe a manner, and require too ſig Atten- 
tion for thoſe who would only amuſe. themſelves 
uſefully ; ; and becauſe they contain more Geo- 
metry than is generally known by moſt People. 
'T1s now about five Years ſince T publiſhed 
the Plan of my intended Courſe of Experi- 
mental Philoſophy, in which I gave an Actount 
of my Manner of forming this Undertaking, 
and of the Progreſs it had made fince-it's Com- 
mencement. I then offered this finalt Piece 
to the Publick, as a Table of Contents (a), 
which I propoſed to enlarge into a more con- 
fiderable Work, and then lay it before” the 
Publick, if it continued to favour my Endea- 
vours, and if I bad Reaſon to hope my Lectures 
would be agreeable. | This has —_— 


When 


1 — to me, and at the Fwd time a Limit 
that I fixed to my Zeal, for I only looke round | 
about me, and did not extend my Views beyond 
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the 
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the Beundz of Paris, I:little:imagined that my 
weak, Talents would be known beyond the 
Alps;(4), andi that I ſnould have the Honour of 
exereiſing them in a foreign Court. I could 
not preſume that my School ſhould not, only be 
applau ded, but alſo made a Pattern for the Col- 
leges in our diſtant Provinces (c), for Univer- 
ſities, and for Academies themſelves. Laſtly, 
I-could not preſume to hope, that even our 
Princes (d) would honour my Courſes with 


*-(b) m 1739 I was called to the Court of Tufin, where I con- 


| 4inued near fix Months, to read Leſſans in Natural Philoſophy 


to his Royal Highneſs the Duke of Savoy. After which the King 
ordered all the Inſtruments I had carried with me, to be laid up 
in the Univerſity, that the Profeſſors might make uſe of them 
afterwards,” to improve and Arch by the Method of 
Experiment. 
00) Since the Publication of wy Plan, "overal W as that 
of the Oratory, of Chriſtian Doctrine, and of St Lazarus, have 
uhdertaken to r Experimental Proofs into = n 
n Univerſity of Rheims Pot: the fame FE 1 — font 
93 — a Collection of Inſtruments, which is e; very con- 
fnderable. 4 oh | 
The Royal Academy of Sciences, and of the Belles Lettres. at 
Bourdeaux, have alſo furniſhed. lately a fine Cloſet of Machines 
and Philoſophical Inſtruments, the execution of Which they d did | 
me the honour to commit to my Care. x 
a nh 1738 che Duke of Penthievre defired to-ſee one of in my 
Courſes of Phyſick, at-which his Serene Highneſs attended with 
great Application ; and ſvon after I had the Hondür to exhibit 
one at Verſailles, for his Serene Highneſs the Ds of * 
at thi Uloling of bie Studies, WF Few 4 9 
ine | their 
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their Preſence'tind/Attendanes, \ind-tha6 they 
would join their Approbation to that of tlie 
Publick: Nor What the Specimen they had 


of my Way of teaching, would procure me the 


Honour of performing in the Preſence, and for 
the Uſe,” of Monſeigneut the Dauphin. This 
latter Advantage indeed was a Spur to my Teal, 
but was what I may be ajd rather to have 
viled for cio en ger cs 15 ' 

Tu ESE 5 —4 ( which ? 3 mention 
not out of Vanity tho: a ſufficient; occaſion fur 
it) are a kind of Pledge of the Sueceſs of my 
Undertaking, and of the Approbation it may 
expect to meet with. It was on this Condition 
that I promiſed to publiſh this Work, of which 
Promiſe I now acquit myſelf.” I ſhall male 
Excuſe for having delayed the Publication. for 
five Years, - If I have any Reproach to ſear, 
?tis for putting it in the Preſs ſo ſoon. For if 
it is ſuch, as J could wiſh it to be, thoſe for 
whom it js deſigned will not take it amis, that 

T have taken all the Time that was neceffa to 
render it worthy of tem. 

Wee the Wark dates — 


ba 
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common. 1 always ſuppoſe that the greateſt 
Part of them are not prepared to underſtand 
Bxpreflions of Algebra or Geometry, and ab- 
ſtract Diſcourſes which recede too far from the 
firſt Principles. | I conſider alſo, that the Uſe 
which might be expected, would be loſt to 
thoſe who are but beginning, or who intend to 
allow to this Study only ſome Moments of Re- 
creation, and which ſhall not intrench upon 
their more neceſſary Occupations, whether in 
regard to their Buſineſs or Pleaſure, Where- 
fore being more taken up with the Care of 
being well underſtood, than with the Objection 
that might be made to me of forſaking the 
Language of the Sciences, which is ſo much 
affected by many; I endeavour to ſpeak and 
write, as many good Authors have done before 
me, whoſe mus # are accommodated to general 
Uſe. | 

Frs not an I have any Diſlike to theſe 
Hom of Expreſſion, or to the uſual Terms of 
Art, which are certainly more preciſe, and 
more contracted, and which put it in our 
Power to purſue further a great many of theſe 
Speculations, which are the Subject of my 
Lectures; for I make Uſe of them myſelf” to 
good Advantage, when I aſſiſt in a private way, | 
ſuch, . as are deſirous to make Phyficks 


8 a more 
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which would require more Pains and Applica- 
tion than can be expected from them. T have 
rather choſe to reſerve them for ſeparate Vo- 
lumes, which I may give hereafter by way of 
Supplement, and noe the Title 2 Anno- 
tations, 

Tuo I have avoided the Uſe of any veils 
braick Expreſſion, or any Geometrical Symbol, 
for the fake of Readers to whom this Language 
may not be very familiar z yet I have not 
carried this Reſtraint ſo far as to forbear the 
Uſe of ſuch Terms as Cuſtom has appropriated 
to theſe Matters. I have adopted the uſual 
way of Expreflion, that the readi of wy 
Work may ſerve as an Introduction to other 


Books of Phyſicks. But 1 have took Care to 
| ditinguiſh theſe Words by the Italian Charac- | 
ter, when firſt they are made Uſe of, and to 


define and explain them | in the cleareſt Manner 
poſfible. And not to interrupt the Diſcourſe 
by too frequent Definitions, which would be 


uſeleſs to 7 Perſons, I have placed a little N 


Vocabulary 


xv 
a more ſerious Study, and who are _— for 
it by a good Proficience in Mathematicks; But 
having Regard to the greateſt Part of my 
Readers, I have not thought proper to intro 
duce into my Work, ſuch Calculations and 4 
= Deductions: which may be diſpenſed with, and 


avi REF 4 a 2 

Voter, 4 this firſt Volume, and a Plate 
in which Beginners may find an Explanation of 
ſuch Terms as will occur trequently in che Body 


of the Work. and which ] ſhall pate to he 
known by ; moſt of my Readers. 


1 do — liſt, melt here. — the bra 


of any of the celebrated Philoſophers. *Tis not 


the Phyſicks of Des Cartes, nor of Newton, nor 
of Leibniz, that I propoſe particularly to fol- 
low; but without any perſonal Preference, and 
without Diſtinction of Names, tis that which, 
by the general Vogue, and by well atteſted 
Facts, ſhall appear to me to be beſt eſtabliſhed, 
I have all the Reſpect and all the Acknowledg- 
ment poſlible for thoſe great Men, who have 
imparted their Thoughts to us, and have en- 
tiched us with their Diſcoveries, in whatever 
Time and whateyer Nation they have lived. | 
I admire. their Ingenuity, which is conſpicuous 
even in their Errors, and think it my Duty to 
pay them the Honours due to them. But I 
take nothing upon their bare Word, except 
what I find to be confirmed by Experience. In 
| Matters of Natural Philoſophy, we muſt not pay 
an, abſolute. Submiſſion , to the greateſt Autho- 
rity; much leſs ought we to be Slaves to our 
own Prejudices, but to embrace the Truth 
wherever We. find it, and not affect to be 


Newtonian; 


Blute, At PA, er Cl 
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To confine” myſelf the mofł r link 


the L ef my Title, I have * to pro- 
duce the different Syſtems which” Rave "been 
propoſed concerning the Mechaniſm of the 
Univerſe, which have divided the Philoſophers 


both antient and moder. Tho indeed with- 
out much Harm one might be intirely ignorant 


of all theſe Sallies of Imagination, which for 
the moſt part are not much to the Honour of 
the human Mind, and of which the very beſt 
is nothing elſe but an ingenious may-be; yet 
we can hardly be diſpenſed with from knowing 
thoſe which have gained the greateſt Reputa- 
tion; and 1 ſhould willingly' mention” what 


Des Cartes and Netoton have delivered on! "this 


Subject, were: I not prevented by an Author 
whoſe Work (e) is in every one's Hands, and 
who has treated on this Matter with the fame 
Delicacy, as * to * found in all bis other 
Writings. - h 

I nave 0 nende al dated 
Diſquiſitions; that might ſeem to ariſe from 


my Subject, that I might not recede from'fen- = 


fible Phyſicks, and ſuch as are to- be ſupported 


by Facts. They chat would prey this ſeem- 


TIT af 
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ing Deſect, which J have fallen into by Deſign, 
may receive much Satisfaction by reading the 
Works of Father Malebranche, aud particular- 
ly that which he calls 4. Search! after Truth, 
i 2 4 penning my Lectures I have obſerved the 
ſame Method that I have been uſed to follow, 
when I. delivered them viva voce. In each 
Matter I have choſe what I thought moſt: ine 
tereſting, what is the neweſt, and which might 
be beſt proved by Experiments. I explain the 
State of the Queſtion with all the Exactueſs and 
Clearneſs I am able; I ſearch into it's Ori- 
ginal, and take Notice of ſuch Authors who 
ſeem to have handled it with moſt Succeſs. 
Then I prove it by Operations of which I ſhew 
the Mechaniſm, taking Care to ſeparate it from 
whatever is foreign to the Purpoſe, that the 
Attention may not be diverted. Laſtly, I bring 
together whatever has Relation to the Queſtion 
itſelf, or to the Facts which I bring as Prooſs; 
and that either in the Phænomena of Nature, 
or in the Proceſſes of the Arts, or in the Ma- 
chines that are moſt in uſe for the Conveniencies 
of Civil Life. Thus I have always proceeded 
from the firſt opening.of my Courſes; and-after 
having carefully ſtudied the, Taſte of the People 
in this reſpe&, I have met with nothing to 
prevail with'me to change this Order, but am 
rather perſuaded, * it has had all the Succeſs 
| 1 could 


PREPACE — 
1 could propoſe. to mytelf. | F have das 
convinced, that Principles” which are often ab- 
ſtracted enough, and vrhich cannot be learned 
ſucceſſively without a painful Applleation, may 
yet be eaſily inſinuated into the Mind; when 
they are thus interrupted by engaging Experi- 
ments, which at the ſame time oblige us to 
acknowledge their Uſefulneſs and Trut. 
In the Diſtribution of the Matter, which 
ought to be conſidered: as the principal Part of 
this Work, I have endeavoured to collect, under 
the ſame Title, ſuch things as have a neceſſary 5 
Connexion with one another; and I have taken 
Care to place thoſe Propoſitions firſt which are 
more eaſily underſtood, and which are to ſerve 
as Principles for the underſtanding thoſe that 
follow. Thus in Strictneſs, tho one may take 
every Lecture ſeparately, and tho' they have 
generally a kind of Independence on one an- 
other; yet I ſhould always adviſe the Reader, 
if he would peruſe them with more Eaſe and 
Advantage, to take them in the Order they 
ſtand here, becauſe he will find ſuch Notions in 
the former, which will afliſt him to nes 
the latter. | 
Tur Facts I make . to Pen wei | 
poſitions, are not always ſo many, or ſo new as 
they might have been. Thoſe that have ſeen 
my Apparatus of Inſtruments, and have been 
155 Ba preſent 


K RERAGE, 


=o at wyC Gourſes, will wonder perhaps that 


in the Plates belonging | to this Work, they only 
find a Part of what they have ſeen in my Collec- 
tion: It is fit 1 ſhould give a, Reaſon why I 
ſuppreſs what perhaps they might deſite to ſee, if 
I propoſe theſe Volumes as a compleat Collection 
4 my Demonſtrations. 


Ever ſince I undertook to! teach ay 


Philoſophy I have been convinced, that the 


ſureſt Method of gaining Attention, and of 


readily exciting the neceſſary Ideas, was ac- 


cording to the Obſervation of a famous Poet (a), | 


to ſpeak to the Eyes by ſenſible Repreſenta- 
tions. In Compliance with this Truth, I pro- 
vided myſelf with certain Machines I had con- 
a triyed, to make my Thoughts be underſtood by 
thoſe who | have but a ſlight Acquaintance with 
the Sciences, and to make them comprehend 
eaſily. and very ſoon ſome Notions, without 
which, they would not readily enter . into the 
State of the Queſtion, or apprehend the Proofs 
which eſtabliſh the Theory. But as theſe Me- 
thods are of no Significaney but in the Appli- 
cation, and the Pieces that compoſe them ex- 
preſs nothing but when they are in uſe, it 

would, be needleſs to give 3 Deſcription of 


| ON | fa)" Segtius irvitant animos demilla per aures, 
„Qua qui 5 ſunt oculis ſubjecta fidelibus. 
Mee * Hon. de Art. Ne 2 | 
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numerous, 


ANoTHER Reaſon wh 65 1. have n hat repte- 
ad in this Work all [hat may be 110 in my 
School, 1 is this. I was unwilling to 25 introduce 
more Experiments, than what were Golf jent 
fully to prove the Doctrine they contain. 1 have 
| already 1d elſewhere ( a), T never Intended Ya 
x make my Lectures 7 a Shew for pure Amvuſe- 
ment, here one m ight ſee exhibited, without 
Defign and without Choice, a great Number of 
Experiments fit only to engage the Eyes. 1 
think myſelf n more able than any one in Fratice, 
to ſatisfy the-Curious by the Choice and Variety 
of Machines with which I am provided, "bur 4 
ſhould not be much pleaſed if any olle came 
to me only t to ſee a in Opetation; for Tal- 
ways hope to find a a more reaſonable Ctiofity i in 
my Audience. Therefore of all the Facts that 
o produce to prove a Propofition, I 
make ule only of a certain Number which is 
ſufficient ; and by this Management I gain 
Time for more neceſſary things, and I have an 
Opportunity | f varying my Proofs uſefully and 
agreeably, for thoſe that attend my Courſes ſe- 
veral Gs J have had the. fame View in 


(a) The Plan or general ia of a Cour of Natur Philo- 
| phy; Pref. IG - > 
l bg] writing. 


* PN. 
| | writing. I did not deſign to overwhelm the 
8 Reader with a ſuperfluous Number of Opera- 


|. tions, ſo as to make him loſe Sight of the Doc- 
trine to be eſtabliſh'd ; but in producing Facts 
, that are worthy of his Attention, I have' ſet be- 
fore him ſuch Proofs as may confirm the Know- 
ledge he. has already acquired. In a Word, 
whether at the firſt opening of my School to 
the Publick, or in producing my written Lec- 
_ tures, I had always this in View, that it might 
have not fo much a Courſe of Experiments, as 
a Courſe of Experimental Philoſophy. 
| By the Deſcription J have given of my In- 
ſtruments, under the Title of Preparation, 1 
do not undertake to deſcribe them ſufficiently 
for any one to imitate their Conſtruction; for 
this would bave required a long Proceſs of Pro- 
poſitions, of the Choice of Matter, of Precau- 
tions to be taken, and very often Particulars fo- 
reign to my main Deſign ; which muſt have 
conſiderably enlarged the Bulk of my Work, ta 
the Loſs of a great many Readers, who are ſa- 
| tisfied to know in general, that ſuch a Machine 
will produce ſuch an Effect. Vet as Tam ſen- 
fible how uſeful it is, to have good Inſtructions 
concerning the Choice of Philoſophical Inſtru- 
| ments, and concerning the Manner of conſtruct- 
| | ing t them; to comply with the Defires of thoſe 
j who "ppl 'themſtlyes to this Selene; the o um- 
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ber of which, ingreaſes every dur. I have re- 
ſolved to collect into a ſeparate. Work,  what- 
ever a long Experience has inform'd me of theſe 
Matters. This Defign is actually in Execution, 
and ſome Specimens, of it may be ſcen in the 
Memoirs of the Academy of Sciences for the 
| Years 1740 and 1741, Where I have ovly 
omitted what chiefly concerns the Workman. 8 
As to my Choice of Experiments, I have 
| ſometimes preferr d thoſe which have been long 
known, before others that are more recent; 
either becauſe I found in them a more direct 
relation to the Propoſitions I had to prove, or 
becauſe they gaye an Opportunity for Applica- 
tions of more Importance, or laſtly becauſe 
they ſeem'd to me too neat to be omitted, 
Their Date then ſeem' d to me a Circumſtance 
of no Weight, for as this Work is not com- 
poſed for profeſt Artiſts, thoſe that ſee them 
here will ſtill find all the Recommendations of 
' Novelty ; and beſides, things may haye other 
Merit as well as that of being new. 
Perhaps I may be cenſured for admitting d 
my Applications ſome Remarks of ſmall Uſe, 
either becauſe the Subject does not deſetve the 
Pains, or becauſe they are obvious enough of 
themſelves, __ But it ought to be confidered, 
that this Work is not made for ſuch Perſons 
only as have lived a good while in the World, 
= 1 


A NE AE 


: and to 1 na rr PE ne [ſome Ideas, 
* 44 5 obſcure, and: confuſed. enough, 
125 Which they can perceive the 

[La les. 5 heſe common Effects: But 1 
chte I = it for. . yaung; Perſons of both 
Sexes, v 0 paſyths, firſt Years of their Lives in 
Col lleges or Boarding- chocls, to ; whom. every 
thing 1 is new in Nature, + avg Minds are na- 

| turally. inquiſuixe after this kind; of Knowledge, 
and who ought to, be initiated. in clear and di- 
N flint Ideas 1.4098 to.; judicious Inductions, by 
eaſy and fantliar Examples. For it is the Ob- 
ſervation of a learned Man, deſervedly in much 
Eſteem (a), That it is always, requiſite to 


think. juſtly, even in Matters of but finall 
Importance. 1 


1 
1» 


' Bes1Des, Care, muſt be ee nat | to con- 


ee 


found the Effec, with it's Capſe. That may 
be known, by the moſt illiterate Peaſant, / but 
the, other not by the wiſeſt Philoſopher, -, Who: 
does not know that a Spunge, a ſoft Stone, a 
Lump. of Sugar, will be quite wet before it is 
wholly | plunged into Water ? But does every 
one know why this comes to paſs ? Bde. 
_ the moſt common, Pbænomena do not always 
Apfien £2. be {,. when, conſiderid in all their 
O3 9190 er [very one; knows that as Stone 


Das It 
| (a) tr de Fabtenelle, Hilt6ty of the Royal Academy of Scl 
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in Cönſequefee of it's Weight; but every 
= does not know, that in ali Wh ane 
Spaces which anſcyet to the Squa 
Times from the Beginning of it | 
having proved this laſt Effect, if ar Fad 
an'A of it, and fay, that a Bottle or 
Glaſs might break by falling, I ſhould certain 
inſtruct no body. If I ſhould ſay beſides, that 
the higher their Fall is, the greater Riſque they 

would run ôf being broken, this Truth would 
appear no newer than the former. But if 
1 ſhould add, that by falling a heavy Body is 
broken in Conſequence of it's accelerated Ve- 
locity, and that one might foreſee the Effort it 
is able to make at the End of it's Fall, by 
meaſuring the Height of the Place from whence - | 
it falls; I cannot think this Obſervation would - 
be uſeleſs to all thoſe to whom I . it. 
And if after reading it any one ſhould 7 
that I only inform him that a Glaſs may 
broke by a Fall, or that the higher it ale he 
more ſurely it will be broken; he would 2 
ſhew but little Penetration ) . much Ferverſe- 
nefgjoiiod 5 etog. dt 23999; 

- *TaANKS to the good Hg Which eva 
in this Age; 1 can eafily be diſpenſed with fem 
ſhewing that Natural Philoſophy is fe fl and x 
that there is Nobody but what „„ 
Adruntage from the 5 achat ate 
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his Mind. 
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a Greek: Name, tis now well known, that it's 
Object is no Foreigner. That the Knowledge 
it offers is uſeſul to every Body, and that what 


ũt proclaims by the Voice of Experiment, may 


Study of Nature was yet, as one may ſay, in 
it's Cradle; the Knowledge that was acquired 
of it's Phenomena and their Cauſes hardly de- 


greateſt Men of Antiquity (a) thus cried her up, 
as the greateſt Solace of the Mind of Man, as 
an Employment from whence it inight derive 
Advantage at all Times, and in 


ſon may it now be recommended as ſuch, when 
it engages whole Societies of learned Men in all 


rality? I fay at this Time, when: it's Advance- 

ment is proclaim'd every Year by whole Vo- 

lumes, from which every one may derive, either 

according to his Inclinations or Occaſidns, ſuch 

nſtructions as ab at leaſt improve: and adorn 
L „ 


4 "Gl Few! fadia ET Re June nent! obleQant ; 
ſecundas res ornant, adverſis perfugium ac ſolatium præbent; de- 


| lectant dami, non impediunt ſoris; pernoctant nobiſcum, pere- 
gzinatur, ruſticantur.  Ciczro 5re 4rcbif Portd. No. 16. 
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made cvery Day. Though this Science bears 


bo heard by every Age, and in all Places. The 
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-Circum- 
ſtances of Life. With how much more Rea 


civilized Countries, that Princes honour it with 
their Protection, and ſupport it by their Libe- 


. — k oe W 
3 1 x e . — — — e 
ä 


{ 
, n 
* 
% 
” 
1 
4 
* 
= uy 
1 
} 1 
5 
454 
10 


% þ 
1 
2 
8 bot 
1 
* x 
4 
Hh 
KY 
" 


J r ͤ ͤ r — DR P 
- * * 


7 9 
. 


7 R EFACE wwvii 
Ix whatever Cangition a Man is Shesd in 
che World, it ſeldom happens hut he muſt ſore- 


times reflect on the Force: of Bodies moving 


by their own Weight, or-otherwiſes upon that 
of Animals, upon the Impulſe and Motien of 
Fluids, upon the Action and Effects of a great 
Number of Machines, either old or new, on 
the Choice of which one has often occaſion to 
know how to determine properly. Is it poſſible 
to obſerve the wonderful Effects of Teleſtopes, 
Optick-glaſſes, and Microſcopes, the uſe f 


which is now become ſo common, without 


wanting to know the Mechaniſm and Proper- 
ties on which the Conſtruction of theſe Inſtru- 
ments depends? To whom can it be of no uſe 
to be inform'd of what is new in a Science, 
which adminiſters to our moſt rational Amuſe- 

ments, our Conveniencies, or Neceſſities? Can 
it be a Matter of Indifference to' us; whether 


ve know or not ſuch things, as cati-employ us 


at leath ingreeably, aß ſuch Tim und 
ey ee e ene | 


, ciety? ie Fs Sh 70. 


. By the higheſt Gini and 41 which 


every generous Mind cannot but be ſenſible f 


in ſtudying Nature, is the Neceſſity it lays us 
under of acknowledging every where the ſu- 


preme Being, who bas form'd this immenſe 


Pniyerſe, and who continually ſuperintends by 
— 5 5 . . 
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his 
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Providence over theſe his own Works. The 
' farther we proceed in this Study, the more we 
| ſhall be convinced, that the Object of it is not 
the Production of Chance. Every thing in it 
declares an infinite Power which amazes, a pro- 
found Wiſdom which is aſtoniſhing, Deſign 
and Goodneſs which demand all our Acknow- 
ledgment. Theſe Wonders which we have be- 
fore our Eyes, ſpeak to the Heart as well as to 
the Underſtanding : In inſtructing the one, it 
will naturally touch the other. What we learn 
of them, as it makes us leſs ignorant than the 
Vulgar, ſo it gives us more lively Sentiments 
of our Duty, and makes us more diligent to. 
perform it. a | 
Ax illuſtrious Prelate 00 in giving an Ac- 
count of the Education of a great Prince, which 
had been entruſted to him, furniſhes me with 
an Example, and alſo an authentick Proof, of 
the good Effects which may be hoped from 
[1 Natural Philoſophy, when the Principles of this 
i Science are taught with Choice and Deſign, and 
| the Perſon inſtructed in it is capable of Reflec- 
tion. I ſhall conclude my Preface with a Tran- 
flation of his own Words, as they are found in 
that Work of his, which bears the Title of 


| | "a Mr Boſſuet, Biſhop of Meaux, i in his Latin Letter to Pope 
| Innocent XI. concerning the Education of the late n ” 
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Politics extracted from the * Scriptures, 


p. 41 (a). 1 
As to Experiments of nam things, ſays 
he, we have took Care that the moſt uſeful 


and the moſt elegant ſhould be perform'd be- 


fore the Prince; in which he has not found leſs 
Profit than Entertainment. They have made 
him acquainted with the Induſtry of the human 
Mind, and the nobleſt Inventions of the Arts; 
whether to diſcover the Secrets of Nature, or 
to adorn her, or to give her Aſſiſtance. But · 
what was the moſt conſiderable, He has there 
been acquainted with the Art of Nature herſelf, 
or more truly with the Providence of God, 
which is at the ſame Time ſo manifeſt, and ” 


| ſo canceal'd. 


(a) Experimenta verò rerum naturalium fic exhiberi fecimus, 
ut in his Priceps ludo ſuaviſimo atque utiliſſimo, humane mentis 
hiſtorlam, præclaraque artium inventa, quibus naturam & retegerent 
& ornarent, interdum adjuvarent: ipſam denique naturæ artem, 


immò ſummi-Opificis & potentiſſimam & occultiflimam providen- 
tiam miraretur. Bossvzr, loc. citat. 
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4 2 is Bec; that 4 is af Reft, ar which fo mop 
0 way; this 585 the Shock will move zn the 
rectian of the Body which firnck it, with a Velocity 
= 5 compounded of that which was immediately given it, 
| ** er by Communication, and of that which it acquires by 
| is Reaction after the Shock , and the ſtriting Body, 

F tobicÞ rhe" Elaſticity alis the\ contrary way," loſes 
in the whole or in part what it had kept of it's primi- 

© tive velrih. And if it's reflected Motion exceeds the 

' Remainder of it's primitive Velocity, it goes back- 
0 * _ according to the ; Wyapiity of this wes. 

1 r. 


3? 


27 
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Exper. I. ib Budies erben ſame Ae err 
equal "Bluſtiea'y. we Ae dy Ao N Ne 
Exper II. With two Bodles equally elaſtic; thapeobich. 
is truck having as much Maſs again ds ub 
Exper, III. u Bodiend rg 3 
A ftrikes\ having but balf the {aſs vf abe bur e 
Propoſition 11 I vas delle Buds, 
or unequal in Maſs, ftriłt ont another — 
« Velocities, which are iber equal or 8 


the Shock, they will ſeparate, and an oy oh 
a ci beth Jn left he 


Exper. I. With i * Balls of the ſame Weight, and of - 
egual Velueitie. een on 10 TT RI 


EEx. II. With, ivory Balls the Maſſes Ses ef 

©" of which art CU eee 

Corollaries or Con e from the preceeding-Propof- 
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the Vertex of the Angle, or the An gular Po 
Ws. chiefly $i inguiſm ches Sorta, of Angles.; 

is, the Leute Angle, the Right Angle, and the Vin e 

. = he Acute Angle is that which by it's 0 

ng Lclodes leſs than the Qua rter of a ; Circle, which 


L117 


may be deſcribed upon a Center, being t the \ ertex 
of the Angle as AB, Fig. 1, "The Right Angle 
is that which, by. it's opening "comprebends Juſt. a 
Quarter, of. the, Cipele; 2 A C P., And the Ob 
tuſe 2 mo. by. ids openipg contains 
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« hy e Circle 8 | n 
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Angular, e This * 


2 KÄ—— ——— 


Arcb, is a Part ; of the Circumference of a Circle, 
As the whole Circumference is divided into 360 equal 
Ole Bir Arches are diftinguiſh'd by the 3 — 
V or Degfees which 2 
— 2 an Arch of 10, 
grees. That which contains juſt go is — 
calbd a Nadrant, or Quarter of a Circle. As when 
there ate 180 Degrees, it. is commos ly call'd a Mui- 
circle, Such are the Arche ABD, A D Ig. 1. 
The Name of Arch is alſo given to the — all 
other Curves, which are not Circular. my 

the Arch of a Parabola, of an Eltiphs, 1 * 
Area, The Surface or Space included in any Fi- 

gure whatever. . The Area of 3 Circle, for Exams 
L's a 1 Exenlich > Space cor 10 = 
Circutifer 

| Atmoſphere, Vapour or Exhalation which ade 
out of a Body, and ſurround ir unifogly'ts a cet. 
tain diſtance, © This Word is confitonly ukdrfitbd 
of the Maſs of Air, which ſurrounds: r 
E Globe, cives whatever exhales from 
continually.” 10 19318UL) 2113. asd! 211 . Aa 

Axis, a a Line which is: fuppoſet'to' bd im- 
"moveable, While the Body which it 
makes a Revolution about it. T AT f 2 8phere 


or a Globe is a right Line which —— 
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zl A Fecatnlory> Ct. kc 
Og Par ne lle Potbro Phe Ani of 4" : 
Cone ib ulſo ug. Dine which Begins at the Ver- 
tex, atidiends'at cherCemer of the Baſe3''ds LK in 
Fini&3 och tguonrts Strg di 16 219150 54 od! 
af, That which ſet ves as a Foundation or Sup-" 
porto ſd anfiBody,/:orany: Machine,» We call the 
Baſe of 2 Cone vr a Pyramid the loweſt Plabe wicht 
term ĩ rates it ; A the Circle repreſented hy EM Ky? 
ä Fi m ⁰² adj A B 3012 10a 25H 10 511g) 
_ diſtant from all the oppoſite and correſponding Parts 
of the ſame Body. The Center of a Cirele is a Point” 
equally diſtant from all the Points in the Circumfe- 
rencei; Cas Cy Fig. 1. The Center of a Sphere or 
Globe is the Point equally diſtant from all theſe in 
the Svpercies. We ſometimes give the Name of 
Center to a Point which is not equally diſtant from 
all thoſe which terminate the Figure; it is enough 
if it dieides all it's Diameters into equal Parts. 
Thus P; may be conſidered as the Center of the Ellip- 
ſis, as it is repreſented by Fig. 3. r 10 GRO, 994: 
Nurclet a Figure terminated by à Curve- line, of 
which all the Points A, D, F, G, Sc. are equally 
diſtuant from another Point C, which is call'dithe Cen- 
ter, NE. i. It has been agreed to divide every 
Circle, great or ſmall, into 360 equal Parts, call'd 
Degrees. So that theſe Parts are always proportional, 
thatiis, greater in grdater Circles; and leſs in leſs, but 
always of the ſame Number! in every one. Every 
7 Penne is labdyvidedritto 6o-Minutet, ey a 
dds 8 5405 bell ei Ini agF . 921 pute 
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nute igto/ 60 ae Sewend- 15d 8 
Thirds, Cos Ia gthe Sphere art diftinguilhed? c 


Sorts! of Circlesy Seat and: nah The fit are 


. thoſe the Diameters of which paſs through the Canter- 
of the Sphere; ſuchꝗ are the Equiatory” the Horiean, 
the Zodiack;/ Cc. Thoſe are calkäc fer Circles): 
the Planes of which do not di vid theo Spherd into 
two equal Parts af hieh is the fame Fhing de 
Center of which is not the fame as the Center of the 
Sphere. Such are the Polar Citcles and the two 
„ 20h 4 0 Dag yet 990 affy He mort 7H 
Cirtumfrrenct a Curve · line vhich returns into it. ; 
ſelf, which terminates and includes à certain Space: 
Such is the Line QT RS, Rx. 30 or A DFG, 
Fig. 1. Very vften the Cireletis/confournded with it's 
Circumferener; yet, to ſpeak properly, the Cieum-—- 
ference is the Line that terminates, and the Cirele is 
the Space terminate. n dowd we Noch e 
Circular, that which has the Form of u Cel or = 
which is made by a Revolution about 1 Center s 
the Motion of a Sling is circular. at 41.26 ee 
Concave, that which is hollow and round he 
Inſide of a Cap or Hat is ooqανe , 505 ls 0g tw 
"Concentric, > which has the: ſane Center The 
Circle ob, Fig: 4. is Concentric! to N O H be- 
cauſe the Center & is common to both n eee 
Cour, à ſolid Body form'd by the Revoldtion of a 


deſeribes a Circle, the Radius of which is leſu than it· 
ſelf. This is the Form uſually-givehdto a Sugat= 
Fr & Fg. 2. e is call'd the Veriar 
2 FE We. or 


right Line fixed at one end, aach which by che then 


py Point of, FO logo Line-ÞKUir's Aris: and 
the Circle L MK ids Rt.. 
Conical, which has the Figure of à Cone, or 
which, belongs to 2 Cone. The ſeveral Figures 
which are, produced by eee 2 Plain, 
ars galb d Conic Settions. 100 bas 41 BUD 4 ee 0 
Lonverging, is ſaid of two or mene Rexef Light, 
Which are tending; towards the ſame Point, to be 
united there. Thus if A C, BC, Hg. 1. were two 
Rays of Light, proteeding from the Points A and 
Bz their Convergency would be in C, and the D& 
gree of this Convergency army be mne 
Angle A CB. Anbei d ent 20 0 JO 
Conuex, curred or arched, us the external Sure 
| oll Globe. 40 ib 6 03. eee Aan 
3 Cord, as a Term of Geometry, is Sigh Eine, 
the Extremities of which terminate an Arch of 2 
Circle, as NO, Fig. 4. This Line is alſo ealbd a 
Subtenſe. If the Arch which it meaſures were half 
the. Circumference, or if ĩt paſſrd through the Cen- 
. ter of the Circle, then it will be cal'd the Dia- 
id, vetbotf aghurge 511 e Das g 12030 | 
Cube, à regular Solid, terminated by ſix qual 
ſquare Faces; Dios: c, flu with: are ſmall Cubes. 
pee 1 to eva on io bisl ei Ne 
Cubical, which has the Dimenſions: of a Cuba. 
A cubic Foot expreſſus a Quantity of Matter, con- 
tain d under ſix Faces; each of: which i 4 n, 
foot. 91 vd 9083120 A. 2001 J 
Curve, is ſaid of a Line of which all is 3 
not in the ſame edlen. Such is the Arch ABD, 
„ aul | Fig. 


Fig. 1. We allt 2 T which 
all the Parts ate not ——— 15 
al a Globe, of a Cylinder, Se. Hi aws 
Curuilinear, which is empoſed df cιν Lines. 
Olinder, is a Solid which is\compord! of :citelir 
Plains, all egual and parallel. The EI and daft of 
theſe Circles are callicꝭ the Raſes 3 und the Lite A B, 
paſſing through all the Centers, is wd the Aris o 
the Cylinder. See Ng. 7 dach ian 
of a Cylinder: This is to be underftood as well of a 
Cavity, a of a ſolid Body. The Body of Pump 
within ought to be truly cylindri call. 
Diagonal, + right Line, which paſſes from one 
Angle to it's oppoſite, in a Figure of ſeveral Stdes. 
duch is U IG Hes. To mie 675, gd 
Diameter, a right Line which divides « cnc into 
two equal Parts. As G D, Fig. 1. We edll-alf6 by 
this Name ſuch Lines as paß through the Centers of 
other Figures 3) as 8 T, Ng. 3. or UN . 
Circles are meaſur'd by their Diameter, ud ad a 
other Figures; and all the regular Bodies which are 
compoſed of Circles. Thus Cylinders arid Spheres 
are compared by their Diameters. eds up 
| Divetging, is aid of two Rays of Ligbt) Which 
proceed from the fame Point, and eontinually depart 
more and more from each other as C A, C B, 


proceeding from the Point C. E. k. Dwergeneß 


i» un br the ra_ made by the ſeparating 
a Wen ot 4 I 0: 0 + 1430 i £ 10 Diet 21 0 $19, 
11A 9111 ei fou 101] 39 viitl nel 503 1-30! 


* 5 hy ; Baul. 


31 ReNarepatawhleh' ties! — Such is 
—— E, Ny. Bu,jwdmpds d of three equal 
Lines.! That Side on whichiithe Triangle ſtands is 

calhdits Baſt, ande the oppoſite Angle nor Foint is 

. (exildice Merteno dcn en E lee [le ov nhl? 
21 Excenteic}. which has not tlie ſame Centre; Phe 
Qiclelo h, N 4. is excentric to the 2awo-others 
of the ſame Figure, bocauſa i Center Dis not the 
fame as theirs, which is in; Cñũ and the Diſtance be- 
Tomes C and D is the Meaſure of this Eneontricity. 
Globe or Sphere, is 2 regular Solid, of which all 

1 Points in it's Surface are equally diſtant from a 
common Center. See Hg. g999 40 96 17 

SGlobule, or little Globe. This Word is often 

uſed to ſignify a ſmall Body round on all Sides. 

Mercury, when ſeparated, parts into Globules. The 
little Particles of Air appear in Water in the form 
of Globules P9JEQLNTSS νẽeůl T. nia { „ogni -- 
Hemi pbere; half of a Sphete or Globe. We of- 
tem omean by this Word, that part of the Earth 
Which is terminated by the rational Horizon. The 

Sum ecry Day enlightens our Hemiſphere 35 4 
Hexagon, which has ſix Sides apa | 
Tay ati Hexagonal Plain, an Hexagonal Pyramid: 
'- Horizonal, parallel to the Horizon. This Word 
determines the Pofition of 4 Plain, or of a Line. 

_ Incidence, ſignifies the Falling or Direction of n 
Lane upon another Line; or a Plan- We call that 
the Angle — _—_ is: re this | 
b IN JA . N 1 4185 NL 1 
. | "os 


AN oonlielany ov ale” 
Line, is a Sucgeſſion of Paints/ghmear, ” Pp 
one another If che hoints we in choſameNireRis | 
on, they make 2 right Laenge 
not, they make a Curverline, as Rd Webttiay 
conceive all Curve. lines as compoſed: of inſinitely 
little right Lines; inclined -arifinitdly little t one 
another, as EF, Fhg Hi, Figh 16.) dae 
Senſe there will be properly: no Cotve- me.. 51 i 
Obtuſt, is ſaĩd of an Angle ich bas more than 
9o/ Degrees. See Augle . 50 21 e 2 e 
Parallel, is ſaid of a Surface, or of a/ Dine, Which 
in it's whole extent is equally diſtant from another 
Surface or another Line. The Lines XA and U 
are parallel to each other I Ng. 6 
Parallelogram, a plain Figure, of which the oppo- 
ſite Sides ate parallel to one another. Such 1s - 
Fig.) 6. 19187 a 459305 i Jo 200 obait 
Pentagon, a plain Figure terminated bye Sides. 
Pierpendicular, in ſpeaking of a Line or Surface, 
ſignifies, that it has ſuch an Inclinat ion tos another 
Line or Sutſate, that it makes with iti watgight = 
Angles, orione at leaſt. The Juines Hd it Perpen 
dicular-to.L M., Figh toi! 25 doidw eee 
Plaia, an Extenſion or Superfidicy chat is ſtrait and 
ſmooth, {terminated by one or ſayexal ſtroit Lines or 
Curves, | Fig. 1. repreſents a (circular Plain Nr 6. 
repreſents a ſquare Plain. n robin 
Point, tlie leaſt txtended Thing paſſihle e qthe Di- 
menſions of which cannot be diſt ingulſh' dig Khis 8 
rather call'd a Phyical Point. Sai 


* . , —— » . i me 
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Ai 2 Hocnbula, 
Pale, one of the Extremities of the Axis, About 
which Revolutions are made. The Poles of the 
World are w immovrable Points, about which the 
| Revolution of the whole Sphere is perform'd. od} 
Polygon, a Figure that has many Sides. This is 4 
general Name, of which the Species are 4 Triangle, 
a Squste a Pentagon, a Hexagon, G. 
Priſm, a ſolid Body terminated at the two Euds 
by two plain Polygons, which are ecqual, like, and 
parallel, and as to it's length, by ſo many Parallelo- 
grams as there are Sides in the to Polygona, hich 
are calfd its Baſes, When theſe two Baſes are Txi- 
angles, the Priſm is ſaĩd to be Triangular, Such is 
that as is repreſented by ig. ·2:k 3s 
-. Priſmatic, which has the Figure of a Priſm, or 
which has ſome relation to a Priſm: Thoſe are 
call'd Friſma ic Glaſſes, which are made uſe of to ſe- 
parate the Rays of Light. Alſo the colour'd Rays of 
Light, which the Glaſs Priſm makes us des 
are ſometimes call*d Priſmatic Colours. 0 VID 
Vuyramid, is à ſolid Body of krückale Faces, 0 
whichoriſes:into a: Point, Fig. 13. The Cone may 
be conſidered as a round Pyramid 
- Quadrilateral, a Figure terminated by four right 
1 Hg. G. is a regular quadrilateral Figure: 
Radius, or Ray, ſpeaking of à Citele, is a rigbt 
Line drawn: from the Center to the:Circumference. 
Such is CR or C D, Fg: 1. The Radius e of a 
Cirele is alſo call d it's Semi diameter. S dea. 
KReddbangle, is ſaid of a Figure which has n | 
more right Angles,” The ty V X v, Fig. 6. 


To 


+1; $ 13 
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— bei 
it reftangular, becauſe ona of ic Angles vis is a/riht 
Angle. „ö iT bam vi enonyiovoAmhidy 
_ Refiihi ar, which n compoddriof right Lines. 
The two Triangles or the Square; Fig. 6. are becti- 
linear or right · lied Figure. 
Sedtor, is a: Triangle ſorm'd by an Arch ahd by 
two Rays. Such is ABC, Ven The Sector of 
a Sphere is an erect Cone, the Baſe of Which is ter- 
minated at the Plain of a Segment. 
Segment, is a Portion of à curve-lined Figure ter- 
minated by au Arch and by a Chord. OZ N, 
Fig. 4. is a Segment of a Cirele. We allo ſay the 
Segment of a Sphere,” to expreſs che Part which is eon 
tained by a Portion of the convex Surfate, and by a 
Plain which does not paſs througii the Center! Tis 
in this that a Segment differs from an-Hemiſphere: 
Sine, is a right Line which is drum from the 
Extremity of an Arch of a Circle, perpendiculariy 
upon the Diameter hich paſſes through che other 
Fxtremity of the ſame Arch. This is called the 
right Sine, as H K, Fig. 1. But the Part of che 
Diatneter cut off by the right Sine as far as the Oit- 
cumference, is called the verſed Sine, or Sail as 
K G. And the whole Radius or Semi- diameter is 
the Sine total, or the greateſt of all the wget F518 
_ 2 Sphere,-, See Globe. 89610 10 WN 

Spherical, which has the Figure of a Sum 45 

à Ball which is perfectly round on all Sides. 
ok a ſolid Body which approaches ny 
Figure of a Sphere, but is not perfectly round 


on all Sides, having not all it's VER equal. 
9 ' This 


Alviii 4 V vocabulary, &. 
This is the Figure which is now attributed to. the 
Earth. 
a a Figure of four Sides, having it's a 
* If it's four Sides are equal, it is call'd a per- 
felt Square, If it has two Sides long, and the other 
two ſhort, which are oppoſite to each other, it is 
call'd a long Square, Fig. 6. is of the firſt kind. 
Triangle, a Figure comprehended by three Lines, 
which from three Angles, C, D, E, Fig. 8. Tri- 
angles receive different Names, according to the Na- 
ture of the Lines and Angles which compoſe them. 
Thus we call that a right-lined Triangle, which is 
. compoſed of right Lines, Curwilinear, if compoſed of 
Curves, mix d when partly. of each: Re#angular, 
when one Angle is right; Eguilateral, when all the 
Sides are equal, Sc. 
Vertical, is ſaid of that Point of the Heaven 
which is directly over our Heads, and is otherwiſe 
call'd the Zenith. A Line falling ftrait from this 
Point is neceſſarily perpendicular to the Horizon. 
| Wherefore we ſometimes uſe this Word to expreſs a 


Direction which falls at right _ upon an hori- 
zontal Plain. f | 
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ESATURA L Philoſophy is the Selente 
NINE "of Body. It's Object is to "knew'rhie 
8 'Þrodufors'of Nature by tler Proper. 
ties, by the Effects they exlñibit to bur 
Senſes, and by the Laws according to which their 
mutual Actious are performed. 'Tis in this chiefly 
that it differs from Natural Hiſtory, which only in- 
forms us What are the Productions of Nature, and 
the ſenſible Differences by which they are characte· 
rized, according ro their ſeveral Kinds and Species. 
WIA call Natural Bodies all the Material Subſtan- 


Ces, the SRP? of which compoſes the Wielt. 
1 an 


"&< # 7h 1 ons 


2 


2 Lectures in. Experi mental Philoſophy. 


What we obſerve i in them to be uniform and con- 
ſtant, of which we do not perceive the Cauſes, we 
call Properties and we ſet out from hence, as from 
a flixt Point, to explain the different Phaznomena z 
not daring to aſſure ourſelves, that what we aſſign as 
a firſt Phyſical Cauſe, may not be the Effet ny 
ather Principle, which is unknown to us. 

Ir we were certain of having entirely exhauſted * 
Nature of Body; if we knew beyond all Doubt, that 
it had no other Properties, but thoſe which already 
are come to our Knowledge; we might juſtly boaſt 
of having a compleat Idea of it, and we ſhould have 
nothing elſe to do but to make Applications, in or- 
der to give a Reafon of the Natural Effects, which 
are the Object of our Study. But we are very far 
from being able to preſume ſo much. We certainly 


have no Right to make ſuch a Suppoſition, That Ex- 


perience, which has taught us what we know of theſe 
Properties of Bodies, is ſo far from telling us that it has 
nothing more to teach us, that it ſeems, on the contrary, 
to promiſe us an inexhauſtible Source of new Diſco- 
veries, even by thoſe very Experiments we make * 
Day. 

Tuo Phyſicks cannot boaſt of knowing all hat 
Bodies have in common amongſt themſelves, or what- 
ever is particular in every one; yet it knows a certain 
Number of Attributes, which it looks upon as pri- 
mary, till it perceives a prior Cauſe, of which they 
are only the Effects, and which is found in a general 
and abſolute manner, in whatever is material. Such, 
tor Example, is actual Extenſion, Fi igure in general, 


Capacity 


_ 


Lectures in Experimental Philoſophy. © 3 
Capacity of Moving. Cc. which are connected with 
all Bodies in an inſeparable Manner, in whatever 
State or Cireumſtances they may exiſt. 

Tux are Properties of an inferior Order, which 
do not belong to all Bodies, but as they are placed in 
certain States and Circumſtances, Theſe are com- 
monly nothing but Combinations of the former, and 
make a fecond Claſs, Such for Example is Liquidity 
or Fluidity, which probably depends on the relative . 
Motion of the ſeveral Parts, or on their Figure, Mag- 
nitude, c. So that thoſe Subſtances only can be 
called Fluids, which are in ſuch a particular State: 
Thus Fluidity is the Property of Water which can 
run, and not of Ice, though it be the Tame Body. 

LasTLY, Theſe Properties of the firſt and ſecond 
Order are more and more combined, and fo belong 
to a leſs and leſs Number of Bodies. Then they are 
no longer extended to all, as the firſt are. They do 
not involve certain Conditions, as the ſecond. - They 
are limited to certain Kinds, Species, and even to In- 
dividuals themſelves. Such are many Properties of 
the Air, of Fire, Light, Metals, of the Load-Stone, 
Se. Therefore we ſhall firſt treat of the more general 
Properties, and then we ſhall proceed to reckon up 
e ee ee | 


, * 
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- Of the Extenjion ond Div Ability of Bodies. 


HAT hich firſt . itſelf to our Ideas, or, 
T at leaft to ourSenſes, when weexamine the Bodies 
that ſurround us, is their Extenſion, that is to ſay, a 
limited Magnitude of any Shape, in which we con- 
ceive Parts diſtinguiſhable from one another. 
MATERIAL Extenſion, which is what w treat 
of here, has three Dimenſions, Length, Breadth, and. 
Depth, which Geometricians conſider and meaſure. 
ſeparately one from another, but which in Phyſicks 
are inſeparable. For, the ſmalleſt Body is ſolid ; it 
has at leaſt two Surfaces really diſtinct; and as the 
Depth is compoſed of. Surfaces, and that theſe Sur- 
faces reſult from a Collection of Lines; it follows that 
the leaſt of all Bodies is long, broad, and deep.. .. 
ALL. the greater Bodies, I mean thoſe which are, 
ſafficiently extended to be viſible or palpable, may be 
divided into ſeveral Portions, which continually de- 
creaſe in Magnitude, as the Diviſion increaſes; till at 
laſt every one of them is too little to be perceived by 
our Senſes. Thus the File reduces, as it were, to a 
Powder a Piece of Metal, which the Chiſſel has ſepa- 
| ated from the groſs Maſs, 8 


8 How 
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How ſmall ſoever theſe Particles of Matter may ap- 
pear to us, we are eaſily convinced that they are ſtill 


diviſible. The Arts inform us by: a thouſand different 


Proceſſes, that theſe little Bodies are themſelves: a Col: 


lection of Particles, or little Maſſes that are ſepirable | 


from one another, A Grain of Wheat which the 
Mill. Stone grinds into Flour, is Rill farther ſubdivi- 


Ci, 5; 6 @ 2 


Tnxsx Particles Ea JT which are e only — 


ſible when there are many of them together, ad which 


our Eyes can hardly diſtinguiſh from one another with 


the beſt Microſcope, are farther decompounded on 
many Occaſions, and inform us in a very convincing 


manner, that they have Parts which may be ſeparated 
from one another, and which very often have no Re- 
ſemblance to one another. A Piece of Wood put in- 
to the Fi ire Bon ceaſes to be Wood. Not only the 
Particles which make up it's Maſs ate diſunited, but 
thoſe very Parts which Nature had connected together 
to form theſe Particles, yield alſo to the Action of 
the Fire, and appear ſeparately under the. F orm of 
Smoak, of F lame, of Aſhes, oof... ; 

Fina II x theſe laſt Parts, which are lien Aike 
rent from one another, but the Union of, which form- 
ed little Maſſes like one another i in the 1 whole; ; 
theſe Parts (I ſay) are not yet ſuch Things as we may 


conſider as abſolutely indiviſible. Tho' ſometimes | 


the Name of Principles is given them, 'tis rather 2 


Denomination they have received from Cuſtom, | than 
a Character upon which we may rely, in attributing 


to them a real Phyſical Indiviſibility. We have Rea- 
* ſan 


4 


42 


* 


_ ments, and theſe Elements are ſtill of a different Na- 


poſſible Degree of Smallneſs. They have their Ele- | 
ture in moſt of them. Such, for Example, is Sulphur, 


6 TLefures in Experimental Philoſophy. 
ſon to believe, that in the State in which they general- 
ly preſent themſelves, they have not acquired the laſt 


which heretofore was looked upon as a Subſtance 
which is unalterable, made uſe of by Nature in the 
Compoſition of Bodies; which a more perfect Phyſicks 
has ſince found means to decompound, and even to 
imitate.® 

Bur after we have exhauſted all our Endeavours 
to divide any Part of Matter, and all our Proceſſes El 
fail us, and Experiment refuſes to inform us better; 
What ought we to think of the Diviſibility of Body; 


and what Rule can we follow in our ConjeCtures ? 


Muſt we think that all is done, and that we have 


purſued Nature into her laſt Retrenchments, and 


Difficulties themſelves, which we have met with in 
our Trials, ought to make us at leaſt to ſuſpect the 


chat we are arrived at thoſe ſmall ſimple Bodies, with 


which we may ſuppoſe ſhe began that Work, which 
we have undertook to decompoſe ? 


Ir would be Preſumption to think it, and the 


contrary. When we undertake to divide a Body, 
the Execution 'becomes more and more difficult, in 
Proportion as the divided Parts decreaſe in their 
Bulk. Tis becauſe we cannot ſeparate them, but 
by making a foreign Matter act upon them to diſunite 
them, or by uſing external Force to oblige them to 


Memoirs of the R. Academy of Sciences, for 1704. p. 275· 


ſeparate, 
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ſeparate. The ſmaller they become, the leſs hold 
they afford to the Means we uſe, and their Diſunion 
is ſo much the more difficult, the more they reſemble, 
or the nearer they approach to, their firſt Simplicity; 
whether they then touch by Surfaces that are more 
analogous, or that few Bodies are to be found har- 
der and ſmaller than they are, in order to ſubdue 
them, *Tis therefore very natural to think, that 
when Matter can no longer be divided, tis not be- 
cauuſe it has no Parts that are farther diviſible z but 
becauſe there is nothing bal enough to en it's 
Continuity, 

Is Matter denim diviſible ad infini/um q What 
we have ſaid hitherto, does not oblige us to make 
this Concluſion, And this Queſtion, which makes 
fo much Noiſe in the Schools, appears to be teduced 
within a ſmall Compaſs, when Men underſtand one 
another rightly. For if it is underftood of a Divi- 
ſibility, which is meerly ideal; it is plain we may 
anſwer in the affirmative; for then the whole will 
come to this, whether we can conceive a Body al- 
ways as diviſible, however divided it may already be. 
But it is certain we can conceive it in this Manner: We 
{till imagine there are two Halves in the ſmalleſt 
Particle, The Surfaces that compreliend it, tho 
infinitely near one another, can never coincide z and 
we may always ſay the fame thing, at every new 
Diviſion that we can ſuppoſe. This imaginary Di- 
viſion therefore has no Bounds, - ſo that if Art and 
Nature could extend ſo far, as to execute all that we 
can e, we might find in the Wing of the 

A 4 | ſmalleſt 
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ſmalleſt Fly a Number of Parts, which at laſt would 
be equal to that of the Grains of Sand, which are 
ſcattered upon all the Shored of the Ocean. A Pro- 
poſition which can appear a Paradox only to thoſe, 
who would confound the Compariſons of Numbers, 
which only can have Place here, with thoſe of ma- 
terial Magnitudes. 19/964 0613 tnt bt 29D 
Bur is Nature as fruitful as our [maginations? 
That which we conceive as poſſible, does it really 
obtain in Nature? Suppoſe theſe little Portions of Ex- 
tenſion, which touch one another without Confuſion, 
to be really diſtinguiſhed from one another, are they 
therefore actually diviſible? Have they everexiſted, or 
does their Nature allow them to exiſt ſeparately from 
one another? Upon chis, Experience has pronounced 
nothing that is certain; and as in Natural Philoſo- 
phy, Proofs drawn om Fact are the only ones that 
teach us any thing, we hore. ay _ ns Pw gn is 
undecidec. 

Fer many Phitoſophers, by delt Limits to 
this Phyſical Diviſibility, have taken upon them to 
ſay, that the Elements of Bodies are abſolutely indi- 
viſible, and that Nature in forming them had im- 
poſed as it were a Law upon herſelf, never to ſuffer 
them to be divided. For a Proof of this, they alledge 
the Experience of fix thouſand Years. '*Tis on this 
account, ſay they, that the natural State of things 

has always ſubſiſted the ſame from it's firſt Original. 
An Oak is an Oak for ever, a Horſe at this Day is 
what it was at the Beginning. If the. Buds, or that 
which conſtitutes every Nature in particular, was a 
thing 


M 
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thing diviſible, would not Nature in general have _ 


changed her Face, by the ſevegal Mutations that every 
particular Species muft ave Mfered?* - , © 2-7 
Tno' I am more inclined to admit the Being of 
Atoms, or inſeparable Corpuſeles, Man to ſuppoſe 
Matter phyſically diviſible ad inſnitum ; yer I cannot 
difſemble, that the Argument I have now brought, 
as ſpecious as it may appear, is not of Force ſufficient 
to decide the Queſtion, and that a ſubſtantial Anſwer 
may be given · to it. For though theſe little Beings, 
the immediate Productions of Creation, were not in- 
diſcerpible as is ſuppoſed; would not the Author of 
Nature have ſufficiently provided for the Continua- 
tion of his Works, by ſuffering only ſuch Means to 
exiſt in the World, as are unable to diſorder the 
Economy of it? Leti it be proved then, that an 
abſolute Indiviſibility of the primary Parts, is the 
only way that the Wiſdom of the Creator could have 
taken, to render each Species unalterable. But if 
this admirable Uniformity, with which we ſee Na- 
ture to be reproduced every Day, is not an invincible 
Proof of the Exiſtence of Atoms; it ought at leaſt to 
make us think, that we ſhould not ſo eaſily ſuffer 
ourſelves, at our own Humour, to change one Man- 
ner for another. All the Means that Art can furniſh 
us with for ſuch Operations, would be but feeble 
Imitations of Nature, of her Digeſtions, Fermenta- 
tions, Calcinations, Cc. And if Nature herſelf, 
ſince her Original, has been conſtantly pre ſerved with- 


out any Change, notwithſtanding all the Motions 
which have been produced in her own Boſom, and 
0 4 . are 
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ace Kill produced every Day, ought we to flatter 
ourſclyes, that we can work Miracles in our Labo- 
ratories? Chemiſtry itſelf, tho* more {kilfulgnow 
than it ever was before, for this very Reaſon gives up 
more and more this Kind of chimerical Purſuits, 
to apply itſelf to Operations of more real Utiliey, 
Ic decompounds the Productions of Nature as far as 
it can, in order to know their Properties; it makes 
Extractions of them, which it converts to our Uſe; 
and if it endeavours to-imitate Nature, tis no longer 
by attempting to compoſe Subſtances, which ſhe 
cannot flatter herſelf ſo much as to know. 
From what we have now faid concerning the Di- 
vilibility of Bodies, it reſults firſt, that there is no 
Limit to this mental Diviſion, which' requires no- 
thing in Matter but a real Diftinftion of Parts. Se- 
condly, that a Phyſical Diviſibility, poſſible or not 
poſſible, ad infinitum, is nothing but a Syſtematical 
Affair, in which probable Arguments may be found, 
both for and againſt the Queſtion. Thirdly, that 
we cannot .deny at leaſt a Multiplicity of Parts, 
which are actually ſeparable, and ſo ſmall that their 
Number and Subtulty far ſurpaſſes our moſt refined 
Notions. | 
Tar laſt of theſe three Propoſitions i is the al ; 
one which is capable of this ſort of Proofs, to which - 
we confpe ourſelves in this Work. I therefore ap- 
peal to Experiment, and ſhall undertake to make 
known by Facts worthy of Curioſity, what we 
_ ought to think of the prodigious Diviſibility of 
Body. 
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EXPERIMENT 2 
ws PREPARATION. 4 
Lv us place upon three ſmall Nails, or in any 


” 


| other Manner equivalent to this, a thin Piece of 


Money of Copper, Silver, or Gold; and under it 


and ſet it on Fire; as is repreſented by Fig. 1. 
Errzers. 


By this Operation, which ſame bad People abuſe 
to make cBunterfeit Money, the Piece of Money will 
be parted into twa, according to it's Plain, And 


very often one of the two Pieces, being more thin 


and brittle, leaves the other ſa well marked, as not 
1 ⁰•Ʒ An Is 


EXPLANATIONS. 


4 : | | 
A Body is divided when the Connexion of it's 
Parts is diſſolved by a foreign Matter, and which is 


not ſuited to unite itſelf with them. *Tis thus that 
the Blade of a Knife divides a Piece of Wood into 
two. The more ſubtile Part of the Sulphur, which 


expands itſelf in burning, and which inſinuates itſelf 


on all Sides between the Parts of the Metal dilated 


by the Fire, forms within the Piece, and according 
to it's Plain, a Layer of Matter foreign to the Metal, 
which cauſes a Diviſion, and which may be perceived 


when the Parts are ſeparated. 
| APPLICATIONS. 


and upon. it let us put ſome Flour of Brimſtone, 


f 
j 


— ñ— —— «—UÄ = \ 
— — — œ I OI — * 
2 a 
9 2 of 
$, Haz 
4 Ws 
+ | 
. fs * 


22 


= 


" — 2 — —— — — — — — — 
GT VO n [OE OY ME? 
. 
„ . 


r 


—— 


1 
[| 


ing again, 


9 


12 Laus, in Experiments! Philbly 


GL APPLICATIONS, 
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Tux ſame Cauſe, which POSI the Surfaces | 


which were joined together, hindets them from j join- 
th they might have all the DiſpoGrives | 
neceſſary for y. *Tis therefore for this Reaſon that 3 


we, make Uſe of Oils and Greaſe, to keep, diſtin } 


: ſuch Matters as we would hinder from uniting or 


mixing; ſomething moiſt to prevent the Adherence ? 


of things that are fat; abſorbing Powders, when 
there is a Fluidity on the Surface which would make 


them join. Thus, to make Uſe of ſome familiar 


Examples, we may obſerve; that they make Uſe of I 
cold Butter in Slices for Paſtery-Work; Which ought 


to Part into Leaves; that they moiſten with ſome li- 


quid Matter the inſide of "Molds, in which they are 
to caſt melted Wax, or Sulphar, Sc. and that they 
put upon dry Sand, ſuch Veſſels as are newly formed 

in the Manufactures of Porcelain or Dutch Ware. 4 
*Tis for this Reaſon alſo, that in the Arts they take 
great Care tocleanſe very well. ſuch: Surfaces, as 22 1 


would ) join together for a Continuance. ond ei 
. 21 


6 & + TY 


againſt this 88 tho' a foreign, Matter is fl 
then interpoſed between the Parts that are to be 


joined. a - 
As for Example : The chief Reafon why a little I 


+. + 


monly prevents the Union of thoſe Parts, is that 
the Water not being adapted to penetrate into theſe 
unctuous 98 and applying itſelf ty. them but 

8 N imperfectly, 


Water dropped between two Pieces of War, com- 
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imperſectly, it's Interpoſition cannot ſerve as a com- 
mon Copula or Cement: But it is not ſo with a Glue, 
which can penetrate, tho? ever {9 little, into the Pieces 
which are to be Joined together. | "Tis a fluid Body 
when applied, and which for this Reaſon, can 11 5 
nuate itſelf on each Side, into the inſenfible Cavities 
of the two Surfaces. : But i it ſoon becomes ſolid, by 
being forſaken of it's Humidity, which penetrates 
Arther. Then theſe little Bandages, being as many 
almoſt as there are Cavities between the ſolid Parts 
of the Surfaces, make a very ſtrong Adheſion. *Tis 
on the ſame Principle, tho' with ſome little Diffe- 
rence, that Solders ſerve to join Metals together. A 
Mixture of Lead and Pewter together, for Example, 
when put into Fuſion by touching it with a red-hot 
| ron, penetrates into t] the firſt Surfaces of che Metal 
| Gilated with: the ſame. Heat, then a ſudden, cooling 
makes .the Parts to approach ope, another, The 
Sqlder at the ſame. Time loſes it 's. F luigiry, and 


adhering on each Side, » 4 ſerves 28 ng Copula . 


to eue Pieces, and ſo.) Joins W Nen 220 f ts 
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Iva drinking Glaſs are put ſome ſmall. Leaves. of 
Copper; in another Iñce (Glaſs is put a little of the 
Filings of Iron or Steel. In each of, STR APA 
half an Ounce of Aqua Fortis. See Fig. 2. y 


14 


 ErrEcrTs 
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Errcrs. * 


In the firſt Veſſel there aides 2 little bubbling, ; 
the Metal appears agitated ; it's Bulk apparently di- 
miniſhes; the Liquor becomes hot; it afſumes a 
green Colour; laſtly the Leaves diſappear, and a 
Vapour is ſeen to ariſe above the Glaſs, In the 
other Veſſel may be obſerved the ſame Effects pretty 


nearly, but more quick, more violent, and the Co- 


lour approaches to red. 
EXPLANATIONS, 


Taz Parts of the Aqua Fortis, which may be 
conſidered as ſo many little Razors, or ſmall but very 
ſharp Needles, are hurried among the Parts of the 
Copper or Iron, by a Force, the Knowledge of which 
is not yet ſettled by Philoſophers, and concerning 
which Experience has not yet pronounced in a deci- 
five manner. Every little Maſs being penetrated on 
all Sides, diſappears by little and little by the Diviſion 

. of it's Parts, which float independently of each other, 
in the Liquor, which has difunited them, and which 
by their Mixture appears under a Colour, which it had 
not before the Operation. The Heat, which ariſes 
during the Diſſolution, is a natural Conſequence of the 
Motion of the Parts, and of the Action of one Matter 
upon the other. As alſo the Vapour, which ſenſibly 
ariſes, is an Effect of the increaſed Heat. 


Tur 
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Tux ſame thing is produced in the other Glaſs, 
put more ſuddenly, and with more Violence. The 
chief Reaſon of this Difference is, that the Aqua 
Fortis made Uſe of in theſe two Operations, for di- 
viding, the Maſſes, has more room to exercife it's 
Action on the Iron reduced to Filings, than on the 
Copper which is in Plates. It acts fo much the more 
as it is applied to more Surface in the ſame time; 
But the Quantities of the Matters being equal, this 
preſents more of Surface becauſe more divided. Let 
us ſuppoſe, for Exatnple, one Ounce of Iron to be 
collected into a little ſpherical Maſs. If this little 
Globe is cut according to it's Diameter, its Surface 
will be augmented. Fot it will ſtill have that of it's 
two Hemiſpheres, and it will moreover have that 


which is produced by it's Section. And if the Num- 


ber of Sections is tnultiplied, tis eaſy to perceive, 
that the Quantity of Surface will be more and more 
increaſed. 

ANOTHER Resa which miy be added, is this, 
that the Copper in an equal Volume is heavier than 
the Iron. Therefore there is more void in the latter 
of theſe two Metals, and conſequently a freer Ac- 
ceſs for the Aqua Fortis, if otherwiſe all things ate 
As to the Colours that the Liquor aſſumes by theſe 
Diſſolutions, this is not the Place to ſpeak of them. 
We ſhall explain this Kind of Effects, when we come 
. 857 | 
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| 9 Wan Water, in Raped een Number 5 
of Bodies, does the ſame Thing as Aqua Fortis upon 
Metals. It diſſolves Earths, Salts, the Juices of 
Plants, Gr. It is impregnated with their divided 
Parts, and keeps them ſeparate, as long as there is a 
ſufficient Quantity to hinder them from joining again. 
When Rivers appear turbid after Rains, or after the 
melting of Snow, tis becauſe they then receive into 
their Channels Waters that are loaded with Earth and 
Sand. Mineral Springs then aſſume their different 
Qualities from the Matters they contain, in Particles 
ſo ſubtile that their Tranſparency is not loſt. And 
the Sea is ſalt, according to the moſt received and 
probable Opinion; becauſe it diſſolves the Rocks of 
Salt, which are at it's Bottom, and are ſuch as are 
found in other Parts of the Earth. tht 
TuIsõ ſort of Diſſolutions does not decompound 
Bodies; it does nothing elſe but divide their Maſſes, 
and makes their little Particles thus diſunited, to be 
independent of one another. Even Art furniſhes us 
vwith very eaſy Methods to reduce them to their firſt 
State. It is enough for the moſt Part to evaporate 
the Liquor which keeps them in Diſſolution; and 
this is the ſimpleſt Way, when their Parts are leſs 
volatile than thoſe of the Diſſolvent. This Practice 
is in Uſe, to ſeparate the Salt from the Water at the 
Brine - Pits; to extract the Salt Petre from the Lee- 
Aſhes which contain it; to refine Sugars; to increaſe 
p Wy” 3 | 4199 
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the Strength of Soups and Gellies ; and, in general, to 
thicken all nn * the liquid — 2 
too abundant. Kn 186 een en 

Ws may: colle e which has been diff 
ved, by Precipitation. This always happens,.as often 
as we preſent, to the Diffolvent, a Matter more pe- 
netrable in reſpect of itſelf, than that, with Which it 
is impregnated. For, then entering into the new 
Maſs, it depoſits the other Parts, which their on 
Gravity precipitates to the Bottom oſ the Veſſel. As 
for Example: When we pour Spirit of Wine upon 
Water, which is ſatiated with Sugar; one of theſe 
two Fluids penetrates the other, and forſakes the Parts 
of the Sugar, wich which it * n een! — 
natd. e ot od ee a8 

Warren mk arechpiantd + Metals, K bees 
after an elegant Manner, and which is not very apt 
to impoſe upon thoſe ho ate not verſed in Trials of 
this Kind. For Example: Dip a Plate of Iron in a 
Solution of Copper, or of blue Vitriol with Aqua 
Fortis, the Diſſol vent will act preferably upon the 
Iron, and depoſit the Parts of Copper, in the Place 
of thoſe which it will ſeparate from the Maſs of Iron: 
ſo that at the End of the Operation, we may be able 
to draw out of the Veſſel a Plate of true Copper. 
Nevertheleſs it would be an Abuſe of this Experi- 
ment, to propoſe it as a Proceſs for converting Iron 
into Copper; becauſe we ſhall never extract any 
more of this laſt nn than-what entered; into the 


* 
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| Irnxvs1ons properly ſpeaking are nothing elfe but 
Diſſolutiona 3 but commonly. more-Nlow : With this 
Difference however, that inſtead of making the hole 
Mas W nne * wann | 
Portion. 

Tur Bodies which nn are n 
fed of Parts of different Natures. The Liquid that 
penetrates them, is impregnated with thofe that ſub- 
mit to it's Action: and the other which refuſe, con- 
time united under a Volume, which differs little from 
that they had at firſt. Iudian and Brat Woods, &c, 
ſoaked in common Water, yield a certain Juice, which 
Nature has placed between the Fibres of thoſe Soru 
of Wood: Yet in this Extract, which makes a Tinc- 
ture, we can perceive no ſenſible Diminution, as to 
Bulk, — FRFERabY ane 
ture ia dran. 

Inrusg ons, . are addy: with don aig art 
both much quicker, and alſo much better impregna- 
ted. The Heat inereaſes the Fluidity of ehe Water, 

and makes it more penetrating. It alſo dilates the 
Solids, which are inimerged in it, and makes them 
more penettable. Theſe two Reaſons concur to pro- 
duce the ſame Effect. The acrid Juices, and other 
difagreeable Parts, which by boiling, we take from 
the Roots and Fruits, that are boiled for our Nou- 
5 eould not deextratted from them by mn 
Tnouon Difidlutions 204 Lofiiſibrs,. which: 4 
nothing elſe but divide or extract, make no Chunge 
in the Nature of the Parts which they ſeparate and 


* 
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take away; yet they make them fit for the Effects 
they are to produce, and which we ſnould expect in 

vain without one ot other of theſe Preparations. 
What Aſſiſtance would the greateſt Part of the Mi- 
nerals or Vegetables, which are made Uſe of in Me- 
dicine, afford us, if a much more minute Diviſion 
than could be obtained by cutting them, did not 
procute to theſe Bodies a Aung, Quantity of Sur- 
face, as alſo convenient Figures and- Magnitudes, 

for the internal Parts of the animated Body, upon 
which they are to operate? That agreeable Vari 
of Colour that we admire in Stuffs, and in all fu 

Subſtances as are capable of Tincture, does it not 

for the moſt Part proceed from Infufions? Juices 

which are indurated in thoſe very Plants in which 
there quite loſt to us, are ſoirened and expanded in 
the Water which penetrates them. With it they 
inſinuate themſelves, and are ſpread upon a Surface 
prepared for them, In all which Caſes nn 
evaporates but the Tincun = e 


* 
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\PxEPARAT ton. 


Tus fourth Figure + eee, a ledls/Feefatiing. 
Pan of hä, path full of a fragrant Liquor, #s 
Orange Flower Water, or Spirit of Wine in which 
Lavender has been and placed _ a line 


en Lamp, - 


Errzcrs 
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Errors. 


Warn the Liquor begins to boil, there comes 
out of the Spout of the Perfuming-Pan a very co- 
pious Vapour, which ſpreads itſelf ſo powerfully over 
all the Room, that it may be perceived from one End 
of it to the other; yet without ſhewing any ſenſible 

Diminution in the Quantity of the Liquor, when the 


| Experiment i is at an End, which will be in about two 
or three Minutes. 


ExPIA NATIONS. 


Tax Vapour, which cenveys it's Scent through all 

the Room, is nothing elſe but the more volatile 
Part of the Liquor, which the Fire has ſeparated 
from the Maſs, and has exceedingly divided. Thefe 
little Bodies, notwithſtanding that ſmall Diminution 
in the Quantity of the Liquor, are of a Number 
ſufficient co expand themſelves equally and to be 
perceived through a very large Room. 

Ir we. deſire to know nearly, the prodigious 
Number of theſe odoriferous Particles, and to repre- 
ſent, in a more exact Manner, the ſurprizing Divi- 

; fion that a ſmall Quantity of the evaporated Liquor 
muſt undergo ;. it will be ſufficient to compare it to 
the Volume of Air contained in a Chamber, which 

may be about 12 Feet ſquare, and of the Height of 
10 Feet. Suppoſe then that this ſmall Quantity of 
TR algrementioned, ſhould be equal to wo Cubic 
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Lines e, before the Experiment is made, and that, 
after the Evaporation, there ſhould only remain four 
Particles in every cubic Line of Air; (a Suppoſition, 
which may be allowed, ſhould we take things at the 
leaſt Advantage,) How many Millions of Parts ſhall 
we preſently find out by this Compariſon, and by 
this Calculation, which may be eaſily made? But theſe. 
Millions of Parts, how much will they be ſtill in- 
creaſed if we obſerve, that That wh ich here makes the 
Scent to be ſenſibly expanded, is but the leaſt Part of 
what is evaporated? For, in the Liquor, as well as 
in the fragrant Vapour, we-ought to diſtinguiſh the 
Parts which are proper to the Fluid, and thoſe —_— 

wheuy belong to the Pertume. | 


APPLICATIONS. 


Ir we conſider Odours in Regard to our Senſes, 
they are Impreſſions made upon the Organ by the 
Corpuſcles, which exhale from the odoriferous Bodies. 
That which is only ſhewn in the Little by the laſt Ex- 
periment, we find every Day in the Great by divers 
natural Effects. There is expanded upon our Globe a 
certain Degree of Heat, which is various according 
to Time and Place. This Fire lighted up by Na- 
ture, and which puts every Thing in Motion, joined 
to other Cauſes of which we ſhall ſpeak elſewhere, 
carries off continually the more ſubtile Parts of all 
the Bodies that cover the Surface of the Earth. Thoſe 
that are proper to make themſelves be perceived by 


I ig the twelfth Part of an Ich. 
1 = _ 
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the Senſe of Smelling, being expanded and floating, 
as well as the reſt in that Part of the Atmoſphere 
that is impregnated with them, become fo much the 
more ſenfible as they are found more copious in 4 
Volume of Air of a determinate Magnitude. This, 
no doubt, is the Reaſon, why we ſmell mote 
agrerably the Flowers of a Garden towards the Even- 

ing, when the Air is cooler, than in the ſulcry Heat 
of the Day, This Coolnefs, which condenſes the 
Air: at the Approach of Night, by bringing it's Parts 
riearer topether, © ts alſo the Exhalations with 
which it is loaded, and when we breathe it in this 
State, it brings with it to the Organ of Smelling, 
2 greater Number of -the odoriferous Particles we 
are ſpeaking of. 

Ir Heat always keeps up a greater or leſs Quantity 
of Motion in all Bodies; and if by that, as we cay- 
not doubt, it occaſions a continual Loſs of their Sub- 
ſtance z Can we wonder that every Thing ſhould de- 
cay in Time, and that certain Bodies ſhould leſſen 
and vaniſh away on a ſudden ? *Tis by this Means that 

onds and Marſhes are dried up, when Rains and 
Springs do not ſupply their continual Evaporation, 

* Bur to confine ourſelves to Examples taken from 
odoriferous Bodies: Do we not obſerve it in a very 
ſenſible Manner, in Plants and in Flowers? Why 
do. they grow weak and flaccid under a great Degree 
of Heat, ſo as to hang their Heads by their own 
Weight? Why do they look freſh again in the 
Morning, and appear with their former Vigour * ? Is 


it not becauſe that which exhales i in the Day-time 
ny 5 _— 


. 25 
excęeds that which aſcends from the Earth, in 
order to repair them ? But it is not ſo in the 
Ne when The: n are 22 on 
filled up. | 
Tnovan Plants by. thei Exhulations, loſe 0 
great a Quantity of their Subſtunce; yet we cannot 
affirm, that the Part aſſigned for propagating their 
Smell, ſuffers much by this ſenſible Decay. It ap- 
pears by all other Bodies of this Kind, chat Nature 
has has ſubjected them to ſo prodigious a Diviſibility, 
that they can furniſh out ſufficient for this Purpoſe, 
during a long Courſe of Time. Every Body knows 
that a Grain of Muſk will make itſelf ſmell, in a 
Manner not very agreeable, for a Space of twenty 
Years, in an Appartment where freſh Air is ad- 
mitted every Day. It is well known alſo, that 
Hounds will give Chace to a Stag, ſometimes for 
fix Hours, and that very often without having. any 
other Guide, than the Scent that he leaves behind 
him. How many Corpuſcles then muſt iſſue from 
this Animal, to trace out it's Courſe, for ſo long a 
Time, to perhaps forty other Animals, who tre- 
quently loſe Sight of him? 
Tux greateſt Part of Brutes, and eſpecially Dogs 
have their Smell exceeding delicate. The Diſpoſi- 
tion of this Organ, the chief Part of which is with - 
out, and the frequent Uſe they make of it, .contri- | 
bute much without doubt to this great Nigene(s, 
2 Mank ind are not endued with. But Nature has 
made us amends by the Touch, which Senſe we 
enjoy in much greater Perfection. This of all. our 


By 
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Senſes is that, which we make moſt Uſe of, encept 
our Sight, in our Examination of the ſeveral Objects 

that preſent themſelves to us. But Animals, which 
touch but very rarely by way of Examination, try 
VWith their Noſe whatever their Eyes preſent to them 
as engaging. For, as they are almoſt wholly employed 
in the Care of procuring their Suſtenance, and as 
there is much Affinity between the Smell and the 


Taſte, 1 — Would ſmell rather Ny. 
| bone: their Feud, a. 4 


EXPERIMENT . 


"PREPARATION. "M 


N the Bottorn of a great Veſſel of Chiryſtal: Glaſs, 
diluted the Quantity of a Grain of Carmine, and the 
Veſſel is filled with clear Water, which holds about 
ten Paris Pints *. This is repreſented by Fig. 5. 
To e 
ry krrrers | 
Tas Colour of the Carmine is ey in ſuch 
Manner, as that the whole Quantity of Water ap- 
* to be dir e with it. 


Exp LAvAT1o N S. 


0 Aab R is a Drug, or a Sort of very fine Lee, 
whith i is extracted by Infuſion from Cochineal, and 
ſome Vegetable Subſtances. The Parts, which have 
already been divided by the Preparation that has deen 


m Pen Pint camains hwy Pounds of common vi 
n 8 made 
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made of them, yield very eaſily to the Action of the 
Water, Which penetrates and expands them. Inſo- 
much that they diſtribute themſelves proportionally 
to the whole Maſs of the Fluic. 

To conceive eaſily how much the Matter ihAaud 


in this laſt Experiment, it is enough to know the 


Ratio of the Weight of one Grain to that of ten 
Pounds, which is as Unity to 92160. But a Quan- 
tity of Water weighing a Grain, makes à very ſen- 
ſible Bulk, which muſt contain many Particles of the 
Carmine, in order to be of an uniform Colour. If 
we ſhould ſuppoſe it to have but 10, the Product 
above muſt be further multiplyed by 10, which will 
make 92 1600 ſenſible Parts in one Particle, which 
was very inconſiderable e l 
the Water. ni 


* = «4 
« %.* 


 AyPLicaTIONs OO 


'T 1s by the Particles of Matter thus divided and 
expanded in certain Liquids, that Painters and Dyers 
ſtain the Surfaces of Bodies, with certain Colours - 
which they can't procure naturally. Thoſe which are 
paiated, are always hid under the Covering laid over 
them, and are not viſible of themſelves, but by the 
Layers with which the Pencil has cloathed them. 
But it is not ſo with ſuch as are dyed or tinged. 
They are commonly prepared in a Bath, which by 
the Heat and by the Action of certain Salts, dilates 
the Pores, and digs an infinite Number of little 
Cells, fit to receive afterwards the colouring Particles. 


>. 
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| 'Tis chiefly, this Preparation, which makes the Dyes 
durable, and - hinders the Things, which are dyed, 
tom laſiag their Colours when they are waſhed. 
Yet it is. not always the colouring Particles that tings 
the Surfaces 3 for we ſhall. ſhew, when we come to 
treat of Light, that the Change of Colour, often 
depends upon a new Arrangement, which is aſſumed 
by the Parts of the Surfaces themſelves; as when 
(for Example) Agua Fortis changes blue Paper into 
red z, or that hot Water ae: red 
Colour. 

-- Bzs1DEs hide we akon OO ah + 
' to prove the great Diviſibility of Bodies; the Arts 
— ro Proceſſes, which demonſtrate it 
in a very evident Manner. We cannot obſerve the 
immenſe Ductility of Gold and Silver, without much 
Surprize. The Artificers who by beating and drawing 
theſe Metals, give them ſuch a Degree of Extenſion, / 
have long attracted the Obſervation of Philoſophers. 
Mr Boyle * is one of the firſt who has made this Re- 
mark, that the Quantity of a Grain of Gold beaten 
into Leaves, can cover a Surface of 50 Inches ſquare. 
This Obſervation: gives us an Opportunity to learn, 
by a very ſimple Calculation, what an amazing 
Number of viſible Parts, are in this ſmall Quantity 
of Metal. The Length of an Inch contains ac leaſt | 
200 viſible Parts; for on Mathematical Inſtruments 
ve often find it divided into 100 Parts, and an atten- 
tive Spectator may eaſily take account of the two 
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tion, which is 8 very reaſonable one; a Leaf of Gald 
of an Inch ſquare may be divided into 200/nanmy. 
Columns, and eyery Column igto:200 final Squares, 
n 
Parts, which is the Product of a00 by 200.1 

Bur in a Grain of beaten Gold we find 59 links 
Leaves equal to that we have now divided.. There- 
fore multiplying 40000 by -50, the Product two 
n e 
count with our Eyes, in a Portion of Matter, whoſe 
Weight is but the 72d Part of a Drachm. Thu 
Number, prodigious as it is, may ſtill be increaſed 
to as much more, when we conſider, that everyone 

of theſe Particles of Gold may be ſeen and touched, 
. or by to oppo 
Planes, of which the Dimenſions are equal. 

WuATr we are taught by Leaves of Gold and Sill 
ver, concerning the Ductility of theſe two Meals, 
and the ſurpriſing Diviſibility of their Parts, is yet 
far inferior to what we may obſerve from thaſe Work · 
men, who prepare the Silver Thread gilt with Gold, 
which is made Uſe of in the making of Garniture, 
Lace, Embroidery, &@c. This Art, which ordinary 
Men make only a Subject of Trade, or ſeek only 
Supplies of Luxury from it, preſents to the Eyes of a 
Philoſopher a Scene of Prodigies, which have not 


eſcaped the Curioſity of Mr Boyle, Father Merſennus, 


Keobault, and many other Naturaliſts, at a Time 
when, it had not arrived at that State of Perfection, 
which it has ſince attained. M. de Reaumuy *, who 


un ofthe de of Sens or 171 p 205. 2 
3 | 
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Has examined ĩt with that Nicety, for which he is re. 
markable, gives us the beſt account of it's Beauties, 
and has diſcovered” what is truly wonderful in it. 
And therefore Iſhall borrow from him, the following 
Obſervation on the wonderful Extenſion, of — 
Gold is ſuſceptible, when reduced to Threads. 
WIITIn a Quantity of Leaf. Gold, which never ex- 
cxeds the Weight of fix Ounces, and which ſometimes 
is Uimitiiſhed almoſt to one, they cover a Cylinder of 
Silver, of 7 15 Lines in Dia- 
meter, änd of the Weight of 45 French Mares v. 
They make this gilt Roller, to paſs ſucceſſively thro* 
Holes in a Plate of Steel, which proceed continually 
decreafing: ſo that as it grows longer by the Loſs of 
it's Diameter, it at laſt becomes as fine as à Hair, 
and of a Length which 1 is 3 n to 97 Lanny 
each of 2000 Fathoms. 

Do iN e this Operation, the Gold ſpreads itſelf 
upon the Silver - Thread, in Proportion as it lengthens: 
So that we may conſider i it as a Covering, or a Scab- 
w_ the Parts of 'which ſuffer no ſenſible Interrup- 

This gilt Thread, which they call Wire, 
watts afterwards between two Rollers of poliſhed 
Steel, which ſqueeze lit into the Form of a thin Plate, 
with which they cover 2 Thread of Silk, for the Uſe 
of ſeveral other Manufactures. In the Operation of 
the Rollers, the Wire is farther lengthened by a ſe- 
venth Part; ſo that inſtead of 97 j Leagues, which we 
have before reckoned for it's fen ith, we ſhould naw | 
Feckon TT, 8 
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Svurrosino then the Thread to be ſuch 4 is 
gilded in the ſlighteſt Manner : here is an Qune if 
Gold, which ought, to be conſidered undet the Farm 
is 111 Leagues, or which together are equal to 222 
Leagues. But if we farther conſider, that the Wire, 
in flattening under the Rollers, takes the Breadth of 
about an eight Part of a Line, and conſequentiy che 
two little Plates of Gold, that cover the Silver on each 
Side; we may ſtill divide their Breadth into two 
Parts; (for a Line is very eaſily diviſible into 16 
ſenſible Portions): thus inſtead of two Plates we may 
count four, which will be equal in Length to 4d 
Leagues. In ſuch an Extent as this, hom many; Far 
thoms, Feet, Inches, Lines muſt there bel And if 
we only divide each Line into 10 Parts, what a Series 
of Cyphers muſt we make Uſe. of, to expreſs? the 
Number of viſible Parts in one Ounce of Gold, thus 
extended by Wire-drawing? The Imagination is too 
weak for ſuch Numbers; but to give ſame. I 
them, it will be ſufficient to compare the Surface. 
our Ounce of Gold reduced to Thread, to that of an 
equal Quantity of the ſame Metal in Leaves. 'The 
firſt is to the ſecond. in the Proportion of 2380 to 146. 
But alſo the Thickneſs of the Leaves, little as it is, is 
always much more conſiderable, than that of the 
Layer of Gold, which is upon the Thread. The an 
is hardly leſſened to the thirty thouſandth Part af a 
Line 3 but the other js often -catried to a Degree of 
Thinneſs, which - excreds the five · hundred · tuenty- 
fre · thouſandth Fart of a Line, wy | 
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lsa thus Wire- drawing Metals, Art imitates Na. 


rvrevety exactly, as to the Proceſs of it. Before Sith 
is mide into Thread for our Uſe,” it has already been 
made into Thread by the Inſets which ſupply us 
with it. The Caterpillar, which we commonly call 
a Suk - Worm, has a natural Wire- drawing Inſtru- 
ment, through which it moulds this valuable Thread, 
of which it makes it's Cod or Shell. Some Perfons* 
that were curious, and "inquiſitive into the Miracles 
of Nature, have examined the extream Fineneſs of 
this Subftance, and have meaſured 300 Els of it, 
which did not exceed the Weight of 2 4 Grains. And 
Mir d Reaunmur, carrying his Obſervations ſtil! farther, 
eee eee ſuch as ent 
geber to form their Webs; that theſe Threads 
(I ſay) in Reſpect of « Hair, are not ſo big as a gil 
Wire is, in Reſpect of the firſt Cylinder, from which 
it was drawn: and that their Diameter hardly equals 
e Thickneſs of char thio Pine of gu, that covers 
the Silver Thread, | 
Tax Speise and Obſervations now oben 
4uſfciently evince, that all Bodies which fall under 
the Cogiiizarice of our Senſes, are nothing elſe but 
Collections, formed by the Concurrence of matiy 
leſſer Maſſes, every one of which may fill be divided 
m Particles, r N e ee. 
viſion and Subdiviſion, 
Wu i dividing a Sabdlabee 2s far as we ate 
Wie, we find nothing but whar i is unifotm in all che 


0 
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Particles that. compoſe it 5 we give it tha Name r 
Simple Body. We ſuppoſe that it's Parte ute all uf 
the ſame Natute, and call tem οτανννν,t yer 
without being alſured that they really are ſb i bu till 
ſome iin ie wall make us Judge 


otherwiſe. 4 03 of «x 81 * 
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On the contrary _—_— tho mae 
Parts of which when ſeparated do not reſemble on 
another; as Plants, Animals, and many Minerals, 
in which their Analyſia diſcovers, that many Matters 
which are eſſentially different, and which we call 
beter ogeneous, concur to the Compolitian af one am 
the ſame whole. ' went 24013704 
Tx inſenſible Particles, which conſtitute a . 
tinued Maſs, are often joined together in ſuch a man- 
ner, that it requires a conſiderable Force to ſeparate 
them. This Portion of Matter is called a hard or 
ſolid Body. This Hardneſs, which properly ſpeaking 
is only a greater or leſſer Tenacity of the Parts, and 
which is never abſolutely perfe in any of the Bodies, 
that we know, becauſe it always yields to a Force 
that is finite: This Hardneſs (I ſay) decreaſes even 
down to Fluidity ; that is to ſay, till the natural Co- 
hefion of che Punt is hardly ſulliciewt'ro hinder them 
from complying fray d bai n Gravity, when 
it urges them to moye one upon another, and to 
change the Figure of the whole. Laſtly Fluidity, 
' which begins when the Bodies ceaſe to be conſidered 
as Solid, increaſes even to Liquidity, which alfo has 
it's Degrees. We call thoſe liquid Bodies, or Liquors, 
which are in ſuch a State, that their Parts having a 
rey Motion che upon another, comply with the 
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Efforts of their Gravity with a mutual Independance, 
or yield to the leaſt Force that endeavours to ſeparate 
them. Their moſt diſtinguiſhing Characters are, to 
have no other Figures but what we make them aſſume 
by the Veſſels that contain them; and to range their 
higheſt Surface, in a Plain parallel to the Horizon. 
Running Water, for Example, is a Liquor. Smoke 
that riſes in the Air, and which continually changes 
it's Form, is a Fluid. And a Stone which is cut 
with the Strokes of a Hammer, is a ſolid Body. 
Wx now content ourſelves with defining theſe dif- 
ferent States of natural Bodies; becauſe we ſhall have 
Opportunity elſewhere, to ſpeak of them more at 
R oh when \ we come 1e into their Cauſes. 


erten * 


* 


730 


2 


o the FIG URE 1 ' B DEA. 


4.4 


& ho Bodies t a —— e 
not only thoſe whoſe Dimenſions are the Ob- 
jects of our Senſes, but alfo the Parts af theſe ſame 
Bodies, to whatever Degree of Subtilty they may be 
carried by Diviſion, and under whatever Order they 
are conſidered. Littleneſs is no abſolute Quality z 
nothing is little but by a Compariſon with ſomething 
that is greater ; and tho? we ſhould conceive the leaſt 
of all material Beings, yet it would Oh be Pate 
than either of it's two Halves. oe 

Taz Magnitude, or (which is che ame thing) the 
greater or leſſer Eatenſiom of a Dody, is always limit- 
ed by the Surfaces: Which Lomprehend the Quantity 
of Matter proper to it. This Quantity of Matter is 
called it's Maſs, And the uninterrupted Surface; be 
it more or leſs, which limits the penn nn. 
is called rs Volunm. i 

Tux Order of e which the Surfaces 
Err. among one another, which terminate the Vo- 
lume of the Body, is what is called it's Figure. As 
VCI. I. C theſe 


hs, 
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theſe Surfaces can never coincide, and are always 
diſtinguiſhed by their relative Situation, it is plain, 
that to be figured, is a Property as common to all. 
Bodies, as it is to be ſolidly extended, or 10 have 
ſeveral Parts that are really diftin&t, © 

BuT theſe Surfaces may be varied ad infinilum, 
either as to their Magnitude, . or their Number, or 
their relative Arrangement. herefore all Material 
Subſtances, to which it eſſentially belongs to have 
ſome Figure in general, muſt receive this or that in 
particular. And they are as variable, and perhaps 
as much varied one among another, as it is poſſihle 
to combine together, the ſeveral ue R 
ber, and Order of Surfaces. 1 10 

IT uIs Property, which may be called Figurability 
is. extended to all Bodies in ſo general. a Manner, 
that it accompanies them in all their States or Con- 
ditions ;, It belongs to thoſe which are in Motion, as 
well as to ſuch as are at Reſt. It does not be- 
long to Solids only, but Fluids and Liquors have alſo 
their Figure, which depends upon the Obſtacles 
that confine them. The Sea, Ponds, Rivers are 
figured by their Coaſts, Banks, and Shores. Wine 
receives it's Figure from the Veſſel that contains it; 
Flame and Smoke from nog * chat min 
it, Sc. 1 bu 1 

WIEN at * feſt ha th Eye, beenden 
appear to be terminated alike, we ſay they reſetnble 
each other in Figure. Thus the Dice of à pair of 
Tables we call Cubes, beeauſe at firſt Vie, each of 
them preſents ſix equal Faces to us; afid we ſay twWwũÜ 

I Soldiers 


Teedures in Experimema / Philophy. 36 
Soldiers are alike, if they are cloathed With the fate 
Uniform. But this firſt Reſemblance has very nat» 
row Limits. It only extends to certain general 
Characters, which will hardly ſtand the firſt View. 
A more critical Examination ſoon diſcovers an in- 
finite Number of Differences, even in Individuals of 
the laſt Species. $6 that we may ſay with good 
Reafon, that in all Nature, it is probable there arc 
not two Beings that are perfectly alike ; eſpecially if 
to the Variety of Figure, we join thoſe of Colour 
and Volume. When we caſt our Eyes upon a Flock of 
Sheep, they all ſeem to reſemble one another; be- 
cauſe we ſtop at the firſt Appearances; but the 
Shepherd eaſily diſtinguiſhes them from one another, 
becauſe Cuſtom has made him perceive Varieties. In 
an Aſſembly of People we do not find two Faces 
alike, and among ten thouſand, we can diſtinguiſh . 
the Countenance of a Perſon we ſeek for, by a Ha- 
bit we have acquired of knowing Men, and en 
not to confound them. 

Tu is prodigious Variety of en multiplied 
without End, to thoſe who obſerve with Attention, 
does it belong to none but the greater Bodies, that 
is, to thoſe we can ſee and touch without being aſſiſted 
by Art? Or rather does it not belong equally to the 
Particles of theſe Bodies alſo? Does it not extend to 
ſuck as eſcape our Sight, and which we know by 
other Senſes z which are not perceived but when many 
of them are together, and which Prejudice ſcems to 
inſinuate t. to us, that they have no Figure at all, be- 

C2 cauſe 
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cauſe commonly we are ignorant of their true Ff * 
gure ? RT 
Tuts Queſtion. is anſwered. already by the, _ 
Definition we have given of Figure in general, 
For if it be nothing elſe but an Aſſemblage of Sur 
faces, which terminate a certain Portion of Matter; 
it is plain that a Body, how little ſoever it may be, 
will always be terminated by Surfaces, and conſe» 
quently 1 will be endued with a Figure. 4 1 
_ Tuovon Experiment cannot confirm this Ren- 
ſoning in it's full Extent, and ſhew us Fi igure every 
where, we have Reaſon to think it is; yet it will 
thew us ſome that have bcen long unknown, and 
which Art has found means to diſcover ſince, And 
we ſhall be taught by curious Examples, not to ima- 
gine there can be any Bodics deprived of Fi igure; be- 
Gulc they are not 1 to our Senſts. 
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Hou vin ey the Microſcope, 8 by 
Fig. 6. at the Light of a Window, or, if it is Night, 
before the Light of a Candle; ſo that the Mirrour 
below the Plate. by it's Reflexion may illuminate the 
Hole, upon which the Object-Glaſs falls; we muſt 
make the firſt Glaſs that carries the Objects to paſs 
gong, upon which are put ſome Grains of Sand, and 
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then make the Body of the Microſcope to deſcend, till 
we meet with the neceſſary Point of View. 


ET EIS. 


HavinG placed the Eye above and very near to 
the firſt Eye-Glaſs, we may perceive the Grains of 
Sand to be tranſparent as Chryſtals, of the bignels of | 
a Nutmeg, angular, and variouſly cut. Ng. 7. : 


} 


EXPLANATIONS. 


W ſhall explain nothing here of thoſe Effects, 
which directly concern Opticks; becauſe we ſhall 
treat of that elſewhere. We ſhall confine ourſelves 
to thoſe only, which have Relation to the Figure 
of the Bodies, of which alone the Queſtion is at. | 
preſent, ä 

Wu we fix our Eye upon a Gala of 3 
Sand, it appears as a Point; becauſe we ſee it's Di · 

menſions confuſedly. But with the help of a Micro- 
ſcope the Object appears greater. Then we plainly di. 
"ſtinguiſh Lines, Angles, Cavities, Arches, Surfaces; | 
ina Word, a Figure well terminated, of which we 
eaſily perceive the Differences when we compare it to 
any other, 


4 


APPLI CATIONS, 


Grains of Sand ought to be conſidered as 90 


many ſmall and very hard Chryſtals, prepared by 
C3 Nature, 
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Nature, and which Art applies with good Advantage 

to different Uſes. | Becauſe they are ſmall and angu- 
lar, they are commodiouſly applied to the rubbing or 
cleaning Metals, or any other ſtill harder Bodies, 
upon which the File or a Steel Edge can take no 


hold. They are made wet on ſuch Occafions to en- 92 


creaſe. their Motion, and to hinder them, in con- 
tinually rubbing one another, from loſing their little 
cutting Angles, and thereby the Property they haye, 
of cutting or wearing — the moſt ſolid Sub- 
ſtances, - 

THE Traiifpatedeyt6f whltes Sand WP, it fit for 
other Uſes. Tis the Baſis of all Kinds of Glaſs- 
work. The Mixture of ſome Salts, and the Action 
of a very violent Fire which divides it, and which 
purges i it from it's Droks, puis it's Parts in 4 Capacit7 
of joining, together, and of forming a Paſte, which | 
is ſuſceptible of all ſorts of Forms. When it cools” 
it aſſumes a 9 yet without ceaſing o be 
tranſparent. way r 


A 
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EXPE RIMENT I. 


Lr the ſecond Glaſs of the Obje&-Bearer be 
made to paſs under the Eye-Glaſs, on which are put 
ſome Drops of falted Water, which has been ſuffered | 
9. become: GIF. 


Err gers. 


> 


. » N 0 > @ 
We 


—_ 
4mm te. — x. * 
——_— 


— 
Ul 


I 


of b 


" 


9 


ane ieee. be. 39 


4 2 8 
— Gd 


1 


Ix applying the Eye to the Microſcope, we may 
perceive little Lumps which appear under like Fi- 
- gures, as when the Preparation has been made with 
the ſame, Salt. For Example, if we uſe Sea - Salt, 
or that which is commonly ſerved up at Tables, the 
Object 7 the Microſcope will refembly little 
Cubes, Fig. 8 


 ExPLANATIONS. 


TE Parts of this Salt, which have been divided 
by the Water, and which it held in Solution, have 
fixed themſelves upon the Glaſs of the Obje&-bearer, 
while the liquid Part evaporated, Before this Eva- 
poration of the Water, the Aſſiſtance of the Micro- 
ſcope, was of no Uſe to make them viſible; becauſe 
then they were too much divided, and too minute to 
be perceived. But as the Liquor forſakes them, they 
come nearer to one another, and form Lumps of a 
greater Volume. And even tho? they were to remain 
as ſmall as they were in the Water, we ſhall ſhew 
elſewhere, that in equal Magnitudes, tranſparent Bo- 
dies may be better ſeen when ſurrounded by Air, 
than by any other Liquid, that has more Matter. 
EvzRy Salt, when cryſtallized, generally affects 
a Figure, which is proper to itſelf, and which pro- 
bably depends on the Figure belenging to it's — 
C * leſt 
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leſt Parts. Sea Salt, for Example, forms Cubes; 
Salt-Petre, Needles; Sugar, Globules, &c. Fig. 9, 10. 


. a. 4 


APPLICATION. | 


Taz Uniformity of Figure in the ſittle Lumps, 
is not a Quality peculiar to Salts. We meet with 


many other, Examples of it, eſpecially in the Mineral: 


Kind. Rock-Cryſtal, and the greateft Part of 
tranſparent Stones, often appear in little what they 
do in great, under the Form of a Priſm, or of an 
Hexagonal Pyramid. But we muſt not conclude from 
a particular Caſe to a general, that the inſenſible Parts 
of all Bodies are ſo many little Models of thoſe, 
which are in a greater Volume. 

BE AusE of. the extream Diviſiblity of Sait, and 
the angular and. pointed Figure of it's Parts, it eaſily 
inſinuates itſelf into the Pores of all Animal, Vege- 
table, Solid. or Liquid Bodies; and for this Reaſon 
it is uſed with Succeſs in order to preſerve them. 
For, Corruption being nothing elſe but a D. ſlocation 
- of the Parts, which changes the Condition of the little 
Lumps in mixt Bodies; whatever can keep theſe 
Parts 1n the Order they have received from Nature, 
will of neceſſity prevent, that the little Compounds, 
which reſult from their Aſſemblage, ſhould be altered. 
And, on the contrary, whatever ſhall promote the in- 


ternal Motion of thoſe leaſt Parts, will be the Occa- 


ſion of Corruption. But the ſaline Particles, as fo 


many little Wedges, fill up the little Vacancies, 


ſtren gthen 


* 
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ſtrengthen and ſupport the Solid Particles, ſtop the 


ſome time the natural State. By this Means it ig, 
that the Fleſh of Animals, when ſalted, retnains for 
a long time fit for Uſe; and that Fruits, N 
with Sugar, will keep for many Tears. 

Tuis prodigious Variety of Figures, ne 
be obſerved in all inanimate Bodies, and in the little 
Maſſes that compoſe them, is not leſs numerous'nar 
leſs wonderful in Animals themſelves. © The ſame. 
Inſtrument, ' which has ſhewn us the "Angles and 
Points of ſaline Particles, diſcovers alſo to us a new 
World of little living Creatures; of little Inſects, 
which we ſhould hardly ever have ſuſpected to exiſt; , 
of which certainly we ſhould never have gueſſed at the 
Forms; and which yet we ſhould be curious to know. 
Wherefore I ſhall add the following Experiment, to 
| ſhew compleatly, how much Nature has varied the 
Figure of Bodies of al Kinds, 


EXPERI M E N T III. 
PREPARATION. 


LzT the third Glaſs of the Obje&-Bearer be made 
to paſs under the ObjeR-Glaſs of the Microſcope, 
upon which with the Point of a Tooth- Picker is put 
| away Ap de Cow on Ares oo; 
eek. ra gn | 


1. Ix 


Progreſs of Evaporation,” and preſerve leaf foh 
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1. Ix . Veſſel with a pretty large Mouth, let a 
nie chopt Hay be put to ſoak ; or ſame. Straw, ꝙ 
Flowers different Sorts, and Parts of any Pang 
_ whatſhever. Let it he expoſed for about a Week 30 
the ee Air, but in the Shade in hot Weather. Bat 
if it is not convenient to ſtay ſo long, Water may he 
talen aut of Places where there is green Mob. or any 
gthar aquatick Plants. 
2. E205z ſome common Vinegar i in a Gli 
Phial, which muſt be kept open. 
g. Kerr ſome Oyſter-Liquor for three or bon 
— — nn mim 


Mc i! <1} # J f 1 oo 


ww 
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” in be firſt "| we may perceive an infinite 
N —_ of little Animals, which ſeem to be of dif 
ferent Species, either as to their Figures, or to their 
manner of moving, which is in great Variety. Some 
of them, which are like to little Balls (a, Fig. 11.) 
dart out in a Right-Line, and always make Angles 
well expreſſed, when; they change their Direction. 
Others, (as 5) which are longer, and of an oval Form, 
do nothing but whirl ahaut. Many of them plainly 
ſhew their Paws, often a cloven Tail, and other Parts, 
Hthers, (as c) arecompoled of Rings, and meve after 
the Manner of Earth - Worms, or like Leeches, In 
Sthers we may perceive the principal Organs; and the 
Circulation of the Juices, And, if we do but obſerve 


with a little Attention, we ſhall ſoon: diſcover even 
the final Cauſe of theſe Motions. For we ſee ſome 


of 
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of them devour others; and it is eaſy to perceive, that 
ſome move to take their Fs n ene 
being taken. 
Fig. 12. In the Vinegar, which has been expoſed 
to the Air for ſome Days in mild Weather, we may 
' ſee very lively Inſets, whoſe Shape nearly reſembles 
ſmall Eels. It very ſeldom happens. that we ;ſhall 
find them mingled with An. N # can be judged 
to be of another Specie. 
Fig. 13. The Oyſter-Water contains an, jogajve 
Number of little Animals, which are like ons another 
in Figure, and in their Manner of moving. The 
little Drop, in which they float, ſeems lilee a Baſan, 
in which we may ohſerye a prodigious) Swarm. of 
Carps without Fins or Tails ; and ſo tranſparent in 


their Bodies, that we en ann n 
Parts. 4 


of whe $4 1 
EXPLANATIONS. 


| NaTvurz has varied the Figure of the ſmalleſt 
Animals as much, or perhaps more, than that of 
great ones. But in thoſe, as well as in theſe, ſhe is 
always conſtant and uniform in every Species. Thus 
Vinegar, when prepared as directed above, ſhews us 
Eels, which differ only in Bigneſs from common 
Eels. And Oyſter-Water generally contains ſuch 
Animals only as we have ſpoken of before. 
Yer the firſt Liquor contains Animals, which 
have no Reſemblance, either in Figure or in their 
Mavner of moving, But this 1 is vo Reaſon to con- 


a "an 
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clude,” that the Figure of theſe little Creatures, is 
the feſult of Chance, and that one and the ſame 
Species aſſumes this or that indifferently. © This Lie 
quor is an Infuſion of ſeveral Sorts of Plants, where. 
in different Animals may find their Food. And com- 
mon Water, which is the Baſis of it, is a Medium, 
which 1 may agree at the ſame time with fuch Animals, 
as are fed with Herbs, and with others that are more 
voracious, The Pike lives in the ſame Water, as 
the Carp; tho? they feed very differently. And the 
Hiſtory of Inſects ſupplies us with a Number of Ex- 
amples, which more directly confirm this Suppoſi- 
tion. *Tis not the ſame with the Vinegar, or the 
Water of Oyſters. It i is likely that theſe two Li- 
quors, agree but with a few Species of theſe little 
Animals; and the Medium they inhabit, may pro- 
bably ſecure them from being purſued by others. I 
have many times endeavoured to bring together the 
Inſects of freſh Water, with thoſe of Vinegar or 
Oyſter - Water; 3 but the firſt have always died 1 im- 
n 


APPLICATION, 


Fon a long time Inſects were conſidered only "= 
the Offspring of Corruption, and of the Rottenneſs 
of other Bodies. The Ancients were ſo ignorant of 
their Original, as to preſume, by obſerving certain 
ways of Procedure, to attempt their Production by 
Art; and for this Purpoſe they have even ventured ta 
give Receipts. What popular Prejudice had intro- 
duced, 
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ducrd, the Philoſophers endeavoured to confirm,;gnd 
to find a Reaſon for it. The, prophane,Syiems, 
founded upon this Opinion, have not been without 
Patrons even in cheſe our Days. But can the, \beſt- 
contrived Hypotheſis keep it's ground againſt Facts, 
in which Ignorance i 1s hardly to be e er 


formed in the Hiſtory of Inſects than . were 
heretofore, have aſſigned them a more worthy and 
truer Original. They haye made it evident by Ob- 
ſervations of undoubted Credibility, that the Genera- 
tion of theſe ſmall Animals is as uniform, and as little 
equivocal in, all their Species, as that of Lions, 
Horſes, Gc. They have anſwered by deciſive, Ex- 
periments, all the ſpecious Appearances, on which. 
that exploded Opinion was founded. We, find 
Worms and Maggots in corrupted Matter; Can it 
then, ſaid they, be doubted, that theſe Animals are 
the real offspring of that Corruption? As if we might 
conclude, that a dead Horſe engendered Crows; be- 
cauſe it often happens, that theſe voracious Birds flock 
together about ir. Or that a Paſture produces Sheep z 
becauſe we ſre them feed there. We might bear 
with ſuch Suppoſitions, in thoſe that did not know 
that Birds build Neſts to propagate their Kind, and 
that a Lamb is always produced by a Sheep. If poſ- 
ſible, we excuſe thoſe, who at firſt were deceivediby 
ſuch Appearances z becauſe then they might not have 
the Means of knowing the true Generation of theſe 
little Animals, fo different from others by their, Size 
and ig; But now that 1 it is * — 1 box 
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choſe are produced, whith are viſible enough to be 
obſtrved; it is no lonpet permitted us to imagine, that 
Nature, which is ſo conſiſtent with herſelf in larger 
Productions, takes auy other Methods to multiply 
choſe, which their extream Minuteneſs will hardly | 
ſuffer us to perceive with a Microſcope'; or that thi 
leaves to Chance, the one of wh ng them into the 
World.” di ter "TP 

"We muſt ame no means imagine; that the 
ſittle Eels we faw in the Vinegar, as well as the little 
Animals we obſerved in the Infufions of the Plants, 
are putrified Parts of theſe Vegetables, which ate 
conyerted into animated Bodies. Experience informs 
us, that if we keep the V eſſels cloſe ſtopped, nothing 


will be produced there. But we ought to conclude; 
that whien they are open, the Females carried about 


by the Ait, come thither to depoſit their Eggs ot 
Spawn, as in a place, which may promote their 
hatching, ſupply them with Food, and make them 
grow. This Conjecture (if it be no more) may be 
ſtrongly ſupported by Examples. How many Kinds 
of Flies do we ſee, that lay their Eggs in corrupted 
Waters, where the Spawn, after it is hatched, is fed 
and grows up; and ar the ſtated Time of it's Meta 
morphoſis, it riſes op into the Air, takes Wings! and 
a new Shape, and becomes like to it's Dam? 
Howzvz x engaging this Subject may be, 1 wy 
not purſue it any farther. If the curious Readet 
would be more amply inſtructed in it, he may con- 
ſult M. de Reaumur's Hiſtory of Inſects. There he 
| may edntract a | larger Acquaintance with this new 
People: 


f 
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People : To ſee them by the Eyes of ſo judicious an 
Obſerver, is to ſee them well indeed. It is enough 
for me to ohſerve, that, if g. in g tho- 
rough Knowledge of in - rods 
organical Bodies z there are no Kinds, which will 
more gratify our Curioſity, than theſe of Inſects, in 
whom we may equally admire, both the Differences, 
that diſtinguiſh the ſeveral Species, and the Unifay- 
mity, which ptevailsthrobgh the whole. 
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. Of the SOLID ITY BO DIES. 


H E Solidity of a Body is nothing elſe but the 

Quantity of Matter, which is joined together 
under it's Volume. I fay, which is joined together. 
For, if it happens that a foreign Matter ſhould paſs 
freely through a Body, and ſhould there exerciſe it's 
Motions independently; as the Water of a River, 
which waſhes fnternally a heap of Stones, which it 
meets with in it's Channel; this Matter would con- 
tribute nothing to the Solidity here intended. But, 
on the contrary, it would increaſe it, if it ſhould be 
found fixed under the ſame Volume; as if, for Ex- 
ample, the running Water, which we have brought, 
ſhould become Ice at the Moment that it is found 
among the Heap of Stones, A Baſket full of Holes, 
and plunged into a Fluid, has only it's own Solidity. 
If it be a Piece of Wood, it becomes more ſolid by 


the whole Quantity of Water which penetrates into 


it, and unites itſelf to it's Maſs. 
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To be ſolid is a Property not only common, but 


even eſſential, to all Bodies; whether they are con- 


ſidered in the whole, or whether we have Regard to 
their ſimpleſt Parts only. This is alſo the leaſt equi- 
vocal Sign of their Exiſtence. ' Optical [fuſions may 
ſometimes ſo far impoſe upon our Eyes, that we may 


be tempted to take Phantams for Realities: But by 


the Touch we are aſſured of the Truth, from the 
intimate Perſuaſion we have entertained, that what- 


ever is Body is ſolid, and'by Conſequence is capable of . 


Reſiſtance ; and that we cannot put our Finger or 
any thing elſe in a Place, which is already occupied 
by any other Matter except we make Uſe _ ſo much 
Force, as is able to remove it. * 
All Reſiſtance therefore declares a real Solidity, 
greater or leſſer. This is a Truth ſo little conteſted, 
that think it can need no other Proof than the Habit 


we have got, of confounding the two Ideas ; tho 


if we would ſpeak juſtly, one repreſents the Cauſe, 
and the other the Effect. But Caſes may be pro- 
poſed, in which each of them, Solidity and Reſiſt- 
ance, may eſcape our Senſes, or at leaſt our Atten- 
tion, There are certain Bodies that touch us inceſ- 
fantly, that touch us every where equally. Cuſtom 
has made their Contact ſo familiar to us, that we 
muſt reflect upon it, before we are ſenſible of the 
actual Impreſſion they make upon us. When a Per- 
fon is ſurrounded by a calm and ſerene Air, there are 
few that conſider they have a continual Reſiſtance to 
overcome, from a Body, the Solidity of which op- 
poſes all their Motions, If we were to go out of the 

YT Ok. D _ Atmoſphere, 
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Atmoſphere, a and return into it again, we ſhould: - 
then perceive without any Reflexion, that. the Air 
touches, us on all Sides; as we ſhould feel that the 
Water touches us, when we plunge ourſelves i into it. 

Mon zovzx that, which makes the So Solidity of 
Fluids ta eſcape our Attention, is, the Independen- 
cy of their Parts on one another, and their extreme 

inuteneſs, which exceeds the Niceneſs of our Sen 
ſes. 80 that they yield to our leaſt Efforts, eſpecially 
_ whenthey are in no large Quantity. . And we Man 
think we act at all, when we act but faintly, 

Sine Fluids are the only Bodies, whoſe Sandi 
requires any Proof; and ſince their great Readineſs, 
with which they yield to any Impreſſion, might give 
Occaſion to ſuch, as do not attend cloſely. to things, 
Salden that this Kind of Bodies are not capable of 

Reſiſtance z they ſhall haye the Preference in thoſe 
Fine., we. appeal to as Pe! and as the 


bp ja. a "cloſe Veſſel, ler the Riparian be made 
vpon it; that — 4 it's Solidity is fully eſtabliſhed 
upon Facts, we may conclude 4 eee hs an 
* orherBodies. | s my 
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and a little Piece of Cork A is put to float on the 
Surface. Then the Veſſel B is made to ſink into it 
perpendicularly, ſo that the Air, which 1 it contains 

may not ne 2 * the Mouth A]. 


>; 


Eppycrs. - 
Taz Part of the Surface of the Water, which 
anſwers to the Mouth of the Veſſel B, finks in Pro- 
portion as the Veſſel deſcends, The little Piece of 
Cork, which floats upon it makes this ſinking ſen- 
ſible; and ſhews, that no Water enters into the 
Veſſel B. 


ExPLANATIONS.. 
Tux Veſſel B contains a Column of Air, which 
fills it's whole Capacity. This Fluid Maſs, though 
conſiſting of but little Matter, is compoſed neverthe- 
leſs of Parts, that are really ſolid, which cannot be 
diſplaced by another Body, unleſs a new Place is pro- 
vided for them, to which they may retire. As the 
Veſſel B is ſhut on all Sides, and as the Water, 
which is at it's opening, is heavier than the Air, this 
laſt Fluid cannot leave the Place it is in, And as it's 
Parts are ſolid, it performs the ſame thing in reſpe& 
of the Water it meets, as any other Body would do, 
the Parts of which are joined together. Thus the 
Surface of the Water ſinks as much as the Veſſel con · 
taining the Air is made to deſcend; which becomes 
evident by the Piece of Cork floating thereon. 


D 2 Tao? 
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Tuc' the Air of the Veſſel B oppoſes the Water, 
which endeavours to enter therein, yet it's Refiſtance 
is not ſuch as to exclude it entirely. We ſhall, ſee 
elſwhere, that a Maſs of Air is a flexible Body, and 
that it may be compreſſed into a leſſer Volume when 
Violence is uſed. We ſhall alſo ſhew, that a Body 
immerſed in a Fluid, is ſo much the more ſqueezed 
together, the deeper it is plunged. When theſe two 


Principles are once admitted, they explain very ſatiſ- 


factorily why the Water riſes a little in the Veſſel B, 


notwithſtanding the Reſiſtance of the Air. Which 
Effect would alſo happen, if inſtead of the Air, we 


ſhould ſubſtitute any other flexible Matter, not ca- 
pable of mixing with the Water; which we ſhall | 
prove when we come to treat of the Compreſſibility 
of Bodies. But whatever ſhould happen, and how 
deep ſoever we ſhould fink the Veſſel B, the Water 
would never reduce the Volume of Air to nothing, 
or take Poſſeſſion of it's whole Place. When once 
the Violence exerted at the Baſe, have made the Par- 
ticles approach as near to one another as they can, no 
Force whatever, can compreſs them into a ſmaller _ 
Space. And this is enough to prove, that Fluids 


like all other Bodies, have an abſolute Solidity. 


APPLICATIONS, 


WIr a little Reflexion we may learn from the 
foregoing Experiment, why we can never fill a Pot, 
or any ſuch like Veſſel with Water, by plunging it 

I | with 
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with it's Orifice downwards: Why a Funnel, the 
Pipe of which fills the Neck of a Bottle too much, is 
not convenient for pouring Liquor into it: And 
what obliges us to have recourſe to other Methods, 
to fill up Veſſels, that are open only by a very 
ſmall Paſſage, as the Perfuming- Pot in the third 
Experiment, Sec. I. The Prejudice that Cuſtom 
impoſes on us, by always living in Air, makes us 
look upon every thing as empty, which is filled only 
by this Fluid. In this Confidence, ſo ill grounded, 
we are apt to imagine, that a Liquor, need only 
offer itſelf any how to the Mouth of a Veſſel, in 
order to run into it. But we ought to conſider, that 
all ſuch Veſſels are naturally filled with Air 3 as they 
would have been full of Water, if they had been 
made at the Bottom of a Well, and always continued 
there, We ſhould conſider alſo, that as the Parts of 
the Air are ſolid, we muſt not expect it will admit 
another Body in the ſame Place; and therefore in 
order to put Water, Wine, Sc. into a Bottle, the 
Air muſt paſs between the Neck and the Funnel, to 
make way for the Liquor. But when the Neck is 
ſo narrow, that there is not room for a free Paſſage 
at the ſame time, for two Matters that run contrary 
Ways; that is, for the Liquor to go in, and for the 
Air to go out; it muſt be brought about ſucceſſively. 
Thus to introduce the Spirit of Lavender. into the 
Perfuming- Pot before mentioned, we begin by 
heating it. And when the Action of the Fire has 
made a good Part of the Air to go out, which. was 


contained in it, the Neck is plunged into the Liquor, 


heated, loſes a great Part of the Air it contains. | 
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which then takes the Place that the 2 
In this Effect we here conſider only the diſplaci 

one Fluid, which is to precede the Inga! 
another. When we come to explain the — cg 
of the Air, we ſhall then ſhew, how a Veſſel that ig. 


WI have ſaid already, why the Air. cannot eſcape 
out of the Veſſel B, in the foregoing, Experiment, 
The ſame Reaſon holds gaod for it's Continyance in 
the Diving-Bell, where the Divers are ſupplied with, 
ſufficient Air for Reſpiration for ſome time. But tis 
by a contrary, Reaſon, that we may conveniently 
draw the Liquor out of a Veſſel that we have not a 
mind to remove, with a kind of Pipe ſwelling at the 
Bottom, as is repreſented by Fig. 15. For as this 
Inſfrument is open at C, the Air eſcapes at this Outlet, 
as faſt as the Liquor comes in at D. And the next 
Experiment, will inform, us how we may transfer i it 
when full, by making Uſe of the Nee of the - 
external Air. 


% * 


EXPERIMENT II 
OED PR E PARATION. 


ig 16. requekent a Kind of Fountain, the Pige 
of which E F is open at each End. The Part E is 
raiſed about two Lines above the Bottom of the 
Baſon G H, which has a Hole at the Centre. The 
Reſervoir IK. is my wir peri dae que. 
ters full. en echt 

* 8 1 Errzert 
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Eexvecrs. | 


Tr1s Fountain ruhs at ſeveral Intervals, through 
the little Pipes 1, 2, 3, 4, 88 long as it, is . 
with Water by the Reſervoir, ; * 

et L 4 Ex 
EXPLANATIONS, 


Wrzn the PipeE] F is open, it gives a e 
to the Air, which exerts it's Preſſure within, upon 
the Surface of the Water I K. There are then two 
Cauſes, which ooncur to the running of the Water; 
the Preffure of the internal Air, and the Weight of 
the Water. Of theſe two Caufes the firft is counter- 
balanced by the Reſiffance of the external Air, which 
anfwers at the End of every one of the little Pipes | 
1, 2, 3, 4, and which oppoſes itſelf without to the 
Fall of the Water, with a Force equal to the Preſſure, 
which urges it within! The ſecond Cauſe, hich is 
the Weight of the Water, ſtill ſubfiſts entire, and is 
ſufficient for the running of the Water. But when - 
the Pipe E F comes to be ſtopt, the internal Air 
then ceaſing to preſs, the Surface of the Water at I K, 
ſuffers that without to act freely, the Reſiſtance of 
- which, being t roo hard for the Weight of the Liquid, 
the running will ceaſe. They make Uſe of the 
Water that runs away, and that very ingenioully, to 
cauſe Intermiſſions. As it cannot go out of the 
Baſon G H, which receives it, but by the Hole at 
the Centre; there will be enough at firſt; and for - 
ſome Time after, to fink the Extremity E of the 

D 4 4 Pipez | 
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Pipe; and it will be opened again, and give Paſſage 
to the Air, only when the Water is run _ 


APPLICATIONS. | 
InfrermiTTING Springs are found in many 
Places, or ſuch where the running of the Water is pe- 
riodical. Theſe natural Effects, which are to be met 
with very commonly in the Neighbourhood of 
Mountains, often depend on a Diverſity of Cauſes, 
which aſſiſt each other towards the ſame End, But 
as the different Explications, which are given of 
them, are generally founded upon certain Properties 
of the Air, which we have not yet conſidered, we 
rouſt forbear to produce them till the Order we have 
propoſed in this Work, ſhall require us to treat on 
this Fluid. We ſhall only ſuppoſe here, what it 
bas in common with all other Bodies, that it is ca- 
pable of reſiſting and acting upon other Matters, 
And we find Proofs of it, not only in the Experi- 
ments already related, but in many Effects beſides, 


which our neceſſary Affairs will daily ſet before out 


Eyes. 0 The Neceſſity of keeping open the Part 
of the Inſtrument deſcribed above, Fig. 15. for 
ſuffering the Water to enter therein at the Extre- 
mity D, will not let us be ignorant of the Reſiſt - 
ance of the Air, which would remain incloſed. 
But if we would tranſport the Liquor we have 
drawn up, tis by a like Reſiſtance made Uſe of 
without, by which it is to be performed, For, by 
. ſhutting with one's Finger the End of the Canal C, 
ws give: room ta the external Air, to oppoſe with 

5th it's 
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irs whole Force in D, the Falb of the incloſed 
Liquid. Lamps and Ink-Glaſſes, the, Reſervoirs - 
of which are inverted Bottles, as is repreſented 
Fig. 17. are more, (but ſomething varied) Ex- 
amples of the ſame Effects. If one ſhould make 
the leaſt opening in the upper Part L of the Veſſel, 
the Liquor would then be found between two 


equal Powers. For, the Air. which would Fr 
aſt in M, would be only in AEquilibrio. with 


which would preſs at L, and the Oil or the Ink 
would freely comply with it's own Weight, which 


would not ſuffer it to remain ſuſpended. aboye it's 
Level. But as long as the Reſervoir is cloſe at 
Top, the Air, which oppoſes at M will have 


ſufficient Force to ſuſtain the Liquor. Tf a Bar- 
rel is full, tho' it may have a Hole at Bottom 
for a Faucet, yet it would deceive the Expectation 
of him that made it, if he ſhould forget to give 
it Vent by a Plug: Hole at the Top. Tis likewiſe 
for the ſame Reaſon, that if a Bottle well corked 
has a Hole made ſecretly at the Bottom, and is 
given to any one to uncork ; it will much ſurprize 
him to ſee the Liquor run out io faſt. 

Taz Solidity of Bodies is alſo called Tmpenetra- 
bility. But this Term ought to be explained, to 
prevent ſome Objections drawn from certain Ex- 
periments, by which it appears, that ſeveral Mat- 
ters mingled. together blend their Magnitudes, and 
mutually penetrate one another. A Sponge, for 
Example, receives within it a Quantity of Water, 


which l it's oem Volumes becauſe that, 


38 I)thirer in Biperiniental Philogopht, _ © 
under which it is found ineloſed, after this Kind 
6f Penetratibn, does pot ſeem to be ſenſibly ip 
eaſed," A Veſtel full of Aﬀties of a 
mijts into it a great Quantity of Liquor. And eq 
Parts Fe ot We and of Water, being = 
m the fitne' Veſſel, take up leſs Space therein, 
than they tobk up before the Mixtute. 18 Matter 
thereſbre penetrable? Or, if it is bot, Th what 
Keule is its Tmpenetrability to be undetſtöcd? 
Fon this we miſt cartfully diſtinguiffi between 
the dppirent Magnitude of Bodies, and their real 
Sdlidity. © The" indivifible Parts, if there are diy 
ſich, are abfolutely impenetrable. Eyen thoſe of 
an inferior Order, which begin to be compounded, 
are probably never penetrated by any Matter. In 
a word, in all Bodies Whatever, there is a certain 
Quantity of Parts, which, alone occopy the Places 
t ey poſſes, and which neceſſarily exclude, all other 
Bodies from them, But theſe ſolid and inipenetrable 
Parts, which in reality are the true Matter, of theſe 
Bodies, are not ſo joined together, but that they 
leave void Spaces between them, or which Spaces 
are full of ſome other Matter, which has no Con- 
nexion Wich the reſt, and which gives Plate to 
whatever Attempts to exclude it. By admitting 
theſe little” Intterſtices, the Exiſtence of which we 
malt prove in the next Lecture, we may eafily con- 
erde, that the Impebettability of Bodies, is ofily 
to be undlerſtobd of the ſclic Parts, wWhith are found 
Jomell togstkier in the ſame Whole, and note the 
Evthpoind; which reſulis froth deen 
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125 the Vacuities, which: _ 
among their folid Parts, Nom, by 
* the Word Fach er Fam, we 
— not be underſtood to mean a Space deprived 
of all Kind of, Matter, There is no donbt but chat 
the greateſt Part of theſe Interſtices contains Fluids, . 
the preſence of which is diſcovered by a-thouſand 
Proofs. When I dip a Sponge, or a ſoft Stone into 
12 
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fir as the Water penetrates into it. And when I 
make moiſt things dry, they become lighter in Pro- 
portion, as they loſe by Evaporation what their Po- 
| rofity had admitted into them. Theſe foreign Cor- 
puſeles filled only the greater Vacuities. The Mat- 

ter of Fi ire, that of Light, which we ſee paſs inty 
Lodies Ahich are i ble to Air; Water, 694, 
ſuffer us not to doubt but that there are Pores of an 
other Order, which may be filled by theſe Fluids, 
which-are much leſi groſs than others. But when 
we conſider the proper Matter of a Body, *tis always 
by abſtracting from all thoſe foreign Parts, which 
are governed by other Laws, and which do not par- 
take in ĩt's Affections. We have alſo Reaſon to be- 
leive, that after theſe firſt Vacuities, which, properly 
ſpeaking, are not really ſo, ſince they are full of other 
Matter; that there are other ſmaller ones, which 
are ſo in the literal Senſe. The Liberty that is ne- 
ceſſary for Motion, ſeems to require it. But if they 
truly exiſt in Nature, they are not capable of any 
Proof by Experiment. Therefore excepting only 
che fin ple and primary Parts of Bodies, we ſhall fix 
it 45 4 general Propoſition, that whatever is compoſed 
of material Parts is porous; hard Bodies as well as 
Liquids, thoſe that are organized as well as others. 
And if there is any Difference among them, tis only 


28 to the Magnitude; the Number, the Figure,” or 
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BXPERIMENT. Lis 

Pn E PARATION-/; ee . 

Tax firſt Figue repreſents an Air-Pump, an the 
Plate of which is fixt a Glaſs -Tube N O, terminated | 
at the Top by a wooden Veſſel of Oak P, which has 
been excavated according to the Grain of the Wood, 
of which the Thickneſs of the Bottom. is about three 


Lines. Water is put into this Veſſel, and * Pump 
is made to work. 


Errors. 


Arrzx ſome Stroaks of the Sucker, the Water 
contained in the wooden Veſſel paſſes through the 
Bottom, and falls in Drops into the Glaſs Tube. 
The Wood dilates, and ſometimes the Veſſel cracks. 


Wr 97 


Taz Air-Pump i is an Engine, the Uſe of which 
is to pump out the Air, which is contained in a 
| Veſſel, We ſhall not here ſay any thing of it's Con- 
ſtruction and various Uſes ; becauſe this is foreign to 
our preſent Purpoſe, and will naturally find a Place 
in the Lectures, which will treat of the Properties of 
the Air. It is enough to ſay here, that in making 
the Pump of this Machine to work, as in the fore- 
going Experiment, we may exhauſt the Air, which 
is contained in the Glaſs Tube NO. 


A Piece 


62 Lures in BrperimentaFPhihfiphy, = 
A Piece of Wood conſidered according to ity 
Length, is a Collection oi Bundle of {mall Fibres, 
included within the Bark, which ſerves as a common 
Tegument. We may form an Idea of it, tho in- 
deed a very groſs one, by repreſenting to one's 
Mind a Bug of Matches included in_g Caſs 
How {mall ſoever theſe ligneous Fibres, may be, they 
an never lie ſo cloſe to one another, but that the 
muſt leave ſome. [nterſtices, which will form ſo 
many lite Canals. ., By, excayating the Veſſel in the 
former Experiment, the Length of theſe Canals was 
reduced to the Thickneſs of the Bottom, which 1s 
not above two or three Lines. Therefore we may 
- conceive this Bottom as a Sieve, open by an infinite 
Number of little Holes, which paſs from one ef the 
Surfaces to the other. Vet the Pores of the Oak a0 
o ſmall, that the Water Where with the Veſſel d 
filled, the? afliſted by it's own Weight, cannot find | 
a way through. It muſt therefore have recourſe to a 
foreign Power, to put it in a Condition of enlarging 
the Paſſages, that it may then penetrate the Wood. 
The Force uſed here, is the Preſſure of the external 
Air, which always acts upon the Surface of the Wa. 
ter, but which cannot have it's Effect till the Reſt 
ſtance is diminiſhed, or made to ceaſe, of that which 
i incloſed in the Glaſs Tube, and which ' cauſes an 
Equilibrium as long as it continues there. Thus 
der ſorne Strokes of the Sucker, the Water preſſtdd 
1 being no longer ulteined within at N O; | 
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and gathers into Drape hich eee Kind 
| of a Shower of Rain. ., en did woba ve 

Tz Pqres could not. enlarge. themlc]yes, unleſs | 
the ſolid, Parts of the Wood ſhould: ſhrjok: fm one 
another, and io the Surface be extended, ... But if the 
Circumference, which. the Water penepratas leaſt, 
does not ſtretch proportionally, as much a8 the 
Middle, the Bottom of. the Veſſel will become 
curved, . th en itſelf will apen hy ſome 
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Tux Woods, which we call ſoft, une 2 
more porous than others, they are eaſiar tu cut) 
when their Surface is not da bed over with ſome 
unctious Matter, become humid when they ate dries 
than the Air that touches them. Or elſe they looſe 
a Part of their Moiſture, if they are placed in an Air 
leſs moiſt than themſelyes: Becauſe it is of che Nas 
ture of Fluids, to ſpread; themſelves equally every - 
where, And as the State of the Atmoſphere is can · 

tinually varying, the Woods, as well as all other 
| ſpongious Bodies, are, continually liable to Changes 
of Moilineſs and Drineſs, which makes, an Alomar = 
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diminiſh or 


a great C 
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Joints loſe cheir Exactneſs and Solidity. That 1 
Window which ſhuts eaſily at one time, becomes 
too large at another, and can hardly be reduced to 
its Place: And that a Tub with Chinks, will ſwell in 
theWater and be repaired, Se. For, all theſe Effects 
are nothing elſe but an Increaſe of Di menſion by 
Moiſture, or a Diminution by Drineſs. | 
- Tars fort of Diſorders would not be near ſo con- 
ſiderable, as they are, if this Diminution or Augmen- 
tation of the Surfaces were equal every where, and 
made at the fame time. In Works that are of one 
Piece, or which are joined together with Glue, 


there would only happen a Change of Magnitude, 


which would be often of ſmall Conſequence. But 
becauſe one Side becomes moiſt and larger, while 
the other continues dry and without Augmentation, 
there will follow Flaws, Bendings, Deformities, Sc. 
Tis thus that Wainſcot grows hollow and bunches 
out, when the Surface that touches a moiſt Wall, 


continues more extended than the other; and that a 


Door warps, when the Pieces that compoſe it are 
not equally ſuſceptible or exempt from the Impreſ- 
ſions of the Air. 

Tur Uſe of Painting with Oil, and of Varniſhes, 
cures this ſort of Inconveniences very well. Thus 
ſtopping up the Pores of the Wood with a Matter 
that is not penetrable by Water, not only prevents 
the Moiſture from entering, but hinders that from 
coming out, which was indoſed at the time the 
— _—_ And it is 4 means of preſerving | a 
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conſtant State to ſuch things, Nr me 1 
by being wet or dry. 


TISs wonderful that the ſmall Parcels of Watet, 


' which infinuate themſelves into a ſolid Matter, ſhodld = 


be able thus to augment it's Extenſion by their little 


but multiplied Forces, notwithſtanding thoſe vaſt 
Reſiſtances which ſometimes endeavour. to! keep it 


within it's Dimenſions. We have ſeen Cables made 
wet, with a deſign to make them ſwell, and thereby 
to diminiſh their Length; ſo as to draw prodigious 
Weights nearer to the fixed Point to which they were 
faſtened. An Experiment like to this, and which 
does not leſs deſerve our Attention, is made every 
Day in the Quarries, where they dig Mill-Stones,. 
before the Eyes of thoſe who little regard the Curi- 
oſity of it. Stones of this Kind are very hard ; and 
as they have not the Cuſtom of ſawing them, they 
make Choice of a Block, which is formed into the 
| Shape of a Cylinder of a ſuitable Diameter: and while 
it reſts upon it's Baſis, they divide it by circular and 
parallel Notches, at ſuch a Diſtance from one ano- 
ther, as is neceſſary to make the intended Number 
of Mill- Stones. But as theſe Notches cannot be 
made deep enough to reach to the Axis of the Cylin- 
der, there will remain a Spindle, which muſt be 
broken, at every Notch. To effect this, they fill 
theſe Notches with Wedges of ſoft and dry Wood: 
then they increaſe their Volume by wetting and 
ſprinkling Water upon them. What is to be ad- 
mired in this Practice is this, that neither the 

Weight, nor the Hardneſs of ſuch a Stone, can hin- 
'F Y $2 E der 
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der che Moiſture from having it's Effect upon the 
Wood ; but by a Method ſo ſimple, and of ſo little 
Power in Appearance, it ſeparates the rene (raed 
Maſs, RR A Pa bs 


| OE x ER IMENT I.. 
PREPARATION. 
3 p of the Guß Tube in the foregoing Ex- 
periment, here is put that which is repreſented by 


Hg. 2. It is furniſhed above with a Flagon of Cry. 
ſtal- Glas, the Bottom of which is made of Buff. Ki 


and in which Quickſilver is pat, to the Height of 
5 two We 


27 * 
. 


Eryrcts. 


wy the but or "WE Stroke of the Sucker, the 
ures will paſs through the Leather, and fall ſo 
faſt into the Tube in little Globules, 9 
Weyer Te | 


ExyLanarions. 


Tan Buff. Sin which Gan nn to the 
'Flagon, dike the Skin of all other Animals, is very 
porous. The Quickſilver, which lies upon it, is not 
in Quantity enough to force a Paſlage by it's own 
Weight. But when there is joined to it the Preſſure 


e as in the firſt Experiment, ” 
293 4 ; Yn 


ir's lntle Globules can paſs through, and in ſallint enn 
repreſent a ſilver Shower, by their Colour and Number. 


4 | * . 5 


Arptications, | 
Tur Life of Animals is maintined by Food But 
of all that they take in the Form of Nouriſhment, 
Nature makes Uſe of but a very ſmall Part, for the 
- Subſiſtance of the Body that digeſts it. When ſhe 
has ſeparated her Part, and diſpoſed of it according 
to her Views, ſhe has Ways by which ſhe diſcncum- 
bers herſelf of the Superfluity. One would be apt to 
think, that the Evacuations commonly known, are 
thoſe which carry off the greateſt Quantity of theſe 
Exceedings. But there are others, which are leſs 
perceived, and which operate more: becauſe they 
tre performing it continually. What is called Tran 
ſpiration is nothing elſe but an Evaporation of ſuper- 
abundant Humours, which is petformed for the grea- 
ter Part through the Pares of the Skin. If it is ſuch 
2s makes the Surface of the Body notably moiſt; it 
is then called ſenſible Tranſpiration, or commonly 
Srating. But this State is not natural: For, it re- 
quires violent Exerciſe, or ſome extraordinary Agi · 
fation of the inward Parts. Yet the moſt quiet Ani» 
mal, and which is in the beſt Health, is not an In» 
ſtant without tranſpiring, in a manner indeed that is 
hardly ſenſible, but of ſuch Efficacy in the Main, 
that (according to the Experiments of Sanctorius. ot 
Mr Dodart, and of ſome other Perſons, who have 
made them with Cate) of cight Pounds of 
E 2 Nouriſh- 
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Nouriſhment, which a Man may have taken in 24 


Fours, inſenſible Tranſpiration has taken away five 


of them. 
We cannot therefore be en at the Decay 


and Fainting of ſuch, who have been too long a Time 
without eating, or who take in ſuch Subſtances, as 
are but little capable of repairing what is continually 
loſt by Tranſpiration. But we have more Reaſon to 
be ſurprized, when we ſee lethargick Perſons, and 
certain Animals, as Marmoſets, Dormice, c. live 
ſeveral Months aſleep, without taking any Nouriſh- 
ment. 
| Tross who have ſeen * Bodies aſleep in this 
Manner might eaſily perceive, that their Condition 
much more reſembles a general Numbneſs, ſpread 
through the whole Habit of the Body, than any na- 
tural and common Sleep. In an Animal that is only | 
aſleep, according to the ordinary Courſe of Nature, 
Reſpiration will be. ſenſible and frequent. The 
Warth and Softneſs of the Limbs are a Teſtimony, 
that the Humours are in Motion, and circulate with 
Freedom. There is but one Step to make, as we 
may ſay, from this Sleep to Awaking. Thus Tran- 
ſpiration continues; becauſe it's Cauſes are nearly the 
ſame. But in a lethargick Animal the Caſe. is not 
the ſame z every thing is almoſt in an entire Inaction. 
It differs not from a Thing dead but by a Remainder 
of Motion, which is hardly to be perceived, and very 
often revives no more. Or, if at Jaſt it does revive, 
it's extream, Leanneſs and Weakneſs, . plainly ſhew 
what Loſs of Subſtance it has undergone by a flow 
Tranſpira- 
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Tranſpiration, but of too long Continuance. 1 £2 
ſometimes obſerved it in that Sort of Mice called 
Dormice. The State of Numbneſs in which they 
were, made their Limbs as ſtiff as if they had been 
dead. They hardly ſeemed to be warmer than the Wall 
from which they were taken. When there is ſcarce any 
Sign of internal Motion, and ſuch a Difficulty: of 
awakening them, as to allow one to move them in any 
Manner, and even to hurt or wound them: In ſuch a 
State the Animal ſuffers but little Diſſipation, it may 
ſupport itſelf for ſome Time without Nouriſhment ; 
and the Time in which it lives thus, is always that 
of the whole Year, wherein Tranſpiration is eſs 

abundant, that is, in cold Weather. 

'In the great Heats of Summer we trunſpire more, 
and commonly eat leſs, than at other Scaſons. The 
Parts of the Stomach, which are appointed for the 
Digeſtion of the Aliments, then relax themſelves, 
juſt at a Time when it is more neceſſary that they 
ſhould exerciſe their Functions. Then Animals are 
leſs vigorous; becauſe they loſe more, and recruit 
lefs, than at other Times. An Appetite to eat, and 
the Need of eating, are different Things. 2 
: Ir the Skin of Animals has Pores, which tranſmit 
Humours from within outwardly, it has alſo ſuch, 
which admit a Paſſage for Matters, which act from 
without to Parts within. The Art of Medicine ap- 
plies Remedies outwardly, which convey their Effects 
to the moſt inward Parts, and will not ward: Un 
doubt of this laſt Kind of Poroſity. 
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EXPERIMENT I 


PREPARATION. 


Av Egg is put into a Glafy Cup full of fairWater, 
which | is covered by a Reegiver upon me Fate ofthe 
| * a8 is PHI "7 Kr. 3. 


. 


Wurm the Pump is made to work, in order to 
take away a Part of the Air which is within the Re- 
ceiver, the whole Surface of the Egg will be covered 
with little Bubbles of Air, which ſcparate themſelves 
by little and Little, to riſe to the Surface of the Water. 
And at certain Places of the Egg are obſerved little 
Spouts of Air, which are formed by a contintal Suc: 

«on of little Globuks, 


Ex PLANATION 8. 


Tux Shell of the Egg is porous, and for this 
Reaſon in a few Days, 2 Part of it's Subſtance will 
evaporate, which. is ſoon replaced by the Air, which 
- farrounds.ic, This Air contained inthe Egg will not 
80 out again as long as it is retained. by the Preſſure 
of the Atmoſphere, Bux when. this Preſſure is di- 
4 miniſhied or taken aways which happens as _ 

* 


the Air is taken out of the Receiver, which ſqueezes: 
the Water againſt the whole Surfacei of the Eggs 
then the internal Air, by a Property which we ftialli 
explain in due Time, endeavours to paſs out, and in 
going out ſhews the Pures of the Shell, by which. it 
came in. Moſt of theſe Pores are ſo ſmall, chat the: 
Air cannot paſs through them but by inſenſible Parts) 
But the mutual Adheſion of theſe Particles retaing 
them, till their Volume is augmented} by a ſufficient 
Number, which forces them to ariſe. to the Surface 
of the Air, by the Differenes there is between the 
ſpecifick Gravity of the two Fluid. 

Tn Porofity is not every where alike. Tims, 
Places where theſe little Paſſages are more open, and 
through which the Air paſſes freely enough, and in 
Quantity great enough to; comply at once with it's 
relative Lightneſs. Tis that which gives Occafion 
to thoſe little Spouts, which we may obſerve in ſeve- 
ral Places. The Water, which is put into the Cup. 
and with which the Egg ought to be quite covered, . 
ſerves only to ſhew the Bubbles of Air, which come 
out of the Shell, and which could ndt be obſerved 
if they were to paſs immediately into the Air of the 


APPLICATIONS. | 
Fa sn Eggs are thoſe which have not yet loſt. that 
Part which is called the Milk, and which we find 
immediately upon opening them, when they a not 
wo too hard, Thus without having Regard to 
E 4 | their 
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Diffipation of Subſtance has been prevented, which 


Quality, which are Stale as to Age; bur it is à real, 
Advantage, always to procure one's ſelf a Food in 
good Condition, which often becomes doubtful 
when kept long. In Voyages by S-a, and at'Seaſong 
in which Hens do not lay, or but ſeldom, 'tis a good 
Refuge to have a Proviſion of Eggs, which are ay 
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their Age, one might call thoſe freſh likewiſe, which 
have been laid ſor ſeveral Days, but in which that 


is only the Effect of the Evaporation, which is ſoon) 
made through the Pores of the Shell. Tis not only 
4. Matter of Curioſity, to preſerve Eggs freſh in 


good as if they had been new- laid. M. de Reaumur, 
who never confines his Enquiries to Speculations of 
meer Curioſity, offers us a Method to do it, Which 
ſeems to be as ſimple, and more ſure, than all thoſe 


which had been contrived before him. He adviſes to 


op up the Pores of the Egg with a Covering 
that cannot be diſſolved by Water, and which has 


ſome Confiſtance; ſo that whatever ſhall attempt to 


tranſpire from within to the Outſide of the Egg, can- 

not melt that which ſhall fink into the Pores, being 
as? ſo many little Corks. Two or three Coats of 
common Varniſh, a ſlight Covering of .Mutton- 


Sewet, or of Wax only warmed till it is liquid, are 
Means which ſucceed alike.” And I can ſpeak from 


my o own Experience, that an Egg thus kept for five 


Vr fix Months has fill it's Milk, and has n not hs | 


leaſt offenſive Tale 
*- Eoos varniſnhed or covered in the . now 


| ow hade not only the 1 to keep good, ſo 
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'# to be eaten as if they were new- laid; they have 
likewiſe this Advantage, that a Hen may fit on them 
with all the Safety that can be deſired, after a Time, 
which without this Precaution, it might be expected 
they would become rotten. *Tis then a new Means 
to attempt to raiſe ſtrange Birds, which cannot be 
tranſported alive without much Trouble, and which 
generally do not breed out of their own Country. 
Their Eggs being varniſhed are eaſily brought over, 
will be fit to be fat upon after a long Voyage; and 
we know that one Kind of Fowls will fit upon the 
Eggs of another. A Hen will hatch Ducks, Phe- 
ſants, Sc. But in ſuch a Caſe it ſhould be remem- 
bered, that Varniſhing is preferable to any other Co- 
vering, which being to be applied hot may deſtroy 
the Young; as alſo that the Varniſh. is to be taken 
away, when the Eggs are to be put under the Bird 
that is to Hatch them. The Tranſpiration that 
ſhould be ſtopt till then, afterwards becomes ne- 
ceſſary in the Incubation. And theſe are two 
Facts, which are equally aſcertained by the Trials 
of M. de Reaumur ; firſt, that an Egg which is 
varniſhed, will continue in vain under the Bird that 
fits upon it; and ſecondly, that the Egg, which has 
been ſo covered, and afterwards ceaſes to be ſo, may 
be ſat upon, and will come to Good, juſt the ſame as 
if it had not been covered at all. 
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EXPERIMENT Tv. 


| Pay PARATION. 


— Piece of hic Paper any thing na 
written or drawn, with a clear and colourleſs Liquor, 
which is prepared with diſtilled Vinegar and Li- 
charge. This Paper, which will have no Sign of 


writing upon it when it is dry, muſt be put within 


A 


the fir Leaves of a Book, of about four or five 
hundred Pages. Then upon the laſt Leaf of the 
Book; with a bit of Spange, is ſpread another Li- 
quor, which has no more Colour than the former, 
and which is a'Preparation made with Orpiment, 


dick Lime, and: common Water. The Book: is 


then to be kept ſnut or about n 
nn 4. 


EFFECTS 


. Wan the Paper is taken out which was put into 
the Book, that which was wrote or drawn with the 


firſt Liquor, will be found, coloured with a darkiſh 


brown Colour; and in all the reſt of the Book no 
back, Marks will be found. 


EXPLANATION 8. 


— two "PAIRS which Cuſtom has called 
— Inks, are of ſuch a ** that wherever 
1 they 
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they meet, their Mixture appears under a Colour that 
neither of them had befare they were joined. This 
is an Effect, which is common ta them with many 
other Liquors, far which we ſhall endeavour ta give 
2 Reaſon, when we come ta ſpeak of Light and Co- 
lours. The latter of thels two Liquors exhales a 
very penetrating Vapour, which may be 
the Smell, and which paſſes through the Ln et 
the Bock in a very little Time. Na the Vapour of 
a Liquor, is the Liquor itſelf divided jata very ſmall 
Parts ; and in this State, it is equally proper a 
unite itſelf, with that af the firſt which was on 
the white Paper. Therefare a Mixture. is; made of 
both, which appears of that Colour, which they 
ought to produce, as aſten as they are joined to- 
gether. And as this Colour depends abſalutely an 
the Union of both, the Vapour in penetrating. the 
Book cannot leave any Trace of it's Paſſage, be- 
cauſe we ſuppoſe the Leaves had none of the firſt 
Liquor. 


Aer CATION 8. 


Sine all occult Qualities, are baniſhed out of 
Natural Philoſophy, by which an Anſwer could be 
given ta every thing, but which in Reality gave a 
Reaſon for nothing, to any one that deſired clear and 
diſtinet Ideas; we, muſt, no longer admit Sympathy 
and Antipathy as Cauſes of any Phænomenon, unleſs 
we take theſe Words by way of Abbreviation, for 
tu tion of one Bady upon 2 
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As when we ſay, ſuch a Remedy, or ſuch a Food, 
is good for the Breaſt, the Stomach, &c. A Way of 
ſpeaking, which is the ſame as to ſay, that a good 
Effe& may be expected from it, without explaining 
at Length how this Action i is performed, which is 
to preſerve or repair thoſe Parts of the Body. But 
in order to give a Reaſon of the foregoing Experi- 

ment, if any one ſhould ſay, the ſecond Liquor 
makes the firſt to appear, becauſe it ſympathizes 
with it, this would not ſatisfy thoſe who expect 4 
rational and'" intelligible Explication. It would be 
required of him to ſhew particularly, or at leaſt in 
general, in what this Sympathy confiſts. His Rea- 
ſons would not be admitted, - unleſs he could derive 
them from known. Principles. For, in his Ratio- 
nale, if he ſhould introduce any thing new in Phy- 
ſieks, he would ſtill be put upon the Proof of it; 
without which it would all be ny an Fiypothelisy 

and therefore of no Force, 

THrarT which makes them have Recourſe to Sym- 
pathies and Antipathies, to explain certain Facts, is 
generally the Difficulty they find to reconcile them 
with the known and ordinary Laws of Nature. But 
thoſe who do this, are often but little acquainted 
with theſe Laws, or with the Uſe that may be made 
of the Knowledge of them. A Man well furniſhed 

with this Knowledge knows alſo, that the 1. F 
of Bodies already known are few in Number, but 
that they are very. fruitful in their Applications. | 
They ſhew themſelves ſo many different Ways, that 
_ can hardly perſwade himſelf he ſhall ever find 

them 
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them to fail him Without flattering him ſelf a 
he knows them all, he hardly allows himſelf the Li- 
berty of imagining new ones. He rather chooſes to 
believe, that he does not ſee them always where 
they really are, and that what he cannot now per- 


ceive, may poſſibly be reſerved for: ſome kr 
Genius. 
Bu r it muſt be confeſſed, * Facts are n 


inexplicable, becauſe they are either falſe or miſre- 
preſented; and if we would act prudently, they 
ſhould be well verified before we are at the Trouble 
of making an Explication of them. Thoſe that relate 
them to us, have believed they ſaw what they really 
did not ſee; for want of Diſcerament or Attention. 
Or, perhaps they repeat them after Perſons, that 

have ſome Intereſt in them, or Men of no Veracity, 
If Credulity, and the Affectation of telling ſomething 
marvellous, come likewiſe to the Aſliſtance of Igno- 
rance and Prepoſſeſſion; we may receive, as un- 
doubted Facts, all the ſhallow and puerile Imagina-' 
tions that offer, and all the Exaggerations that paſs 
from Mouth to Mouth, which gain Credit by Time, 
and by the Authority of ſomebody, who was ſup- 
poſed to haye more Knowledge than he really had. 
I am not now ſpeaking of the ſuppoſed Impoſlibility 
of tuning a Muſical Inſtrument of two Strings, one 
of which is made of the Gutts of a Sheep, and the 
other of the Gutts of a Wolf: Or, of the imagined | 
Danger of caſting/ into the Fire, either Urine or 
Blood: Or, of a Cure, which is to be performed by 
crying certain Fruits in one's Pocket, or by throw- 
's" ng 
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ing them intoa Well: Or, of infinite other like Re. 
medies, or Prefervatives, which every one now knom 
to be ridicolous, and which are ſupported by no phi. 
Jaſophical Experiments. How long did the World 
ſtand amazed at the famous Sympathetick Powder, 
and it's wonderful Effects? Yet *tis known to be 
nothing elſe but Vitriol calcined by the Sun, and 
made into a Powder. This Mineral is aſtringent, 
and when it is applied to a Wound, it will hardly 
fail to dry it up, and to diſpoſe it to cloſe in a ſhort 
time. Hitherto there is no Sympathy, in the Senſe 
this Word is taken. Alſo when this Powder is made 
Uſe of near the wounded Perſon, upon a Cloth dipt 
in his Blood ſtill warm, it ſometimes happens that 
the Wound feels it, or is ſenſible of it: There it 
yet nothing ſympathetick, but to thoſe that are ig- 
norant, that Vitriol pulverized exhales into inſenſible 
Particles, which the ambient Air carries about, and 
which joins itſelf to humid things preferably to 
others. But the Marvel of this Operation is, when 
this Powder acts at nnn as from * 
ſix or ten Leagues. 
Taz E is no Probability, it muſt be . of 
ever explaining ſuch a Phænomenon with any Ap- 
pearance of Truth, according to the known and or- 
dinary Laws of Nature: And in vain ſhould we at- 
tempt to explain it, if it be nothing elſe but the e- 
travagant boaſting of ſome Quack, blindly ſupported 
by Credulity, and by a fond Deſire of hearing and 
OT Miracles, But this is the Sentiment we ought 
to 


1 


to have of it, according to the Opinion of thaſe , 
who would truſt nothing but their own-Eyes in this 
Matter. How many ſuch like Chimera weuld va- . 
niſh into nothiog, if only Facts were faithfully re- 
lated, with all their concomitant Circumftances? , 

NoTw1THSTANDING.We are Certain, that o- 
roſity is a Property common to all Bodies; yet we 
do not know the abſolute Quantity of theſe Pores. 
For, as all Matter is heavy, and as Gravity belongs 
only to what is material, we know very well, that 
one Body has leſs Vacuum than another, when, Vo- 
lumes being equal, it weighs more than the other. 
But this Compariſon ſhews only their relative Poro- 
ſity. It does not tell us, that in one of the two there 
is juſt ſuch or ſuch a Quantity of ſolid Parts, which 
would teach us very ſatisfactorily how porous it is. 
The true Means of being informed of this would be, 
to have a Standard of Compariſon, which ſhould be 
| entirely ſolid, in which the Magnitude. and: the 
Weight would be truly ſynonymous. For in com- 
paring a Portion of this Matter with an equal Volume 
of another Matter, if this, for Example, ſhould 
weigh leſs by half, we ſhould bave Reaſon to conclude, 
not only that it is leſs ſolid by half, as we generally 
do, but we. ſhould alſo know the juſt value of this 
. And we ſhould look upon it as a Thing certain. 
that the Poroſity of this compared. Matter way equal 
to it's Solidity. - Becauſe the Gravity, which, is an 
Attribute e eee Meme 
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be there perceived to be but half as much, as in 1 
equal Bulk which is nothing but Matter. 
Bur a Body of this Kind will never be any thing 
elle but a meer Suppoſition, which can never become 
real. For, we know no ſuch Body in all Nature, 
Of all Material Beings, that we are acquainted with, 
Gold” is the moſt compact, and contains moſt 
Matter under a determinate Magnitude. There is 
no known Matter, of which a cubical Inch weighs 
ſo much as a cubical Inch of Gold. Yet this Metal 
is porous, becauſe Quickſilver penetrates into it in a 
Moment; and Aqua Regia, which is made Uſe of 
to diſſolve it, acts from Surface to Surface, even to 
the laſt. Several Philoſophers have even carried 
their Conjectures ſo far as to believe, that in Gold 
there may be as much Vacuum as Plenum. What 
Notion muſt we have then of the Poroſity of other 
Bodies? Of common Water, for Example, which 
weighs about 19 Times leſs than Gold; or of Air, 
which is 800 Times leſs ſolid than Water? 
On x Matter is not always more porous than ano- 
ther, for this Reaſon only, becauſe it's Pores are 
more open. Often the Number makes amends for, 
or even exceeds in one, what the Greatneſs of the 
Pores does in another. However a Cork may be 
compreſſed in the Neck of a Bottle, yet it never 
becomes as compact as a Piece of Wood of any other 
Kind. As for Example: Tho? it's Volume may be 
diminſhed by Compreſſion, it can never be made as 


* Nenwtin's Treatiſe of Opticks, I. ü. p. 3. prop. 8, 
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heavy as Oak : It's Poroſity then is always greater, 
yet neither Oak, nor any other Wood will ever be 
ſo convenient as Cork, to prevent the Evaporation 
of any Liquor incloſed in à Veſſel. It is therefore 
more than probable, that if in one of the two the 
Sum of the Vacuities is greater, tis not ſo much on 
account of the Greatneſs as the Number of the Pores. 
When Agua Regia, which diſſolves Gold, refuſes to 
penetrate a Maſs of Silver; Will any one fay, in 
conſequence of the relative Lightneſs of this Metal, 
that it has it's Pores more open than the firſt? That 
which enters into this, why cannot it ſubdue the 
other, if, as is ſuppoſed, it's Parts being more di- 
ſtant from one another, give'a better Opportunity to 
the Diſſolvent? Would it not be better to ſay, that 
the little Vacuities in the Silver are not altogether 
ſo great as in the Gold, but that they are much- more 
numerous ? 

HITHERTO the Explanation does not fiicceed 
amiſs. But if it is anſwered, that the common Agque 
Fortis that divides filver, and the greateſt Part of 
other Metals, does not touch Gold; it muſt be 
owned, that the relative Magnitude of the Pores, be- 
comes but a weak Reaſon. For, why cannot that, 
which inſinuates itſelf into a leſs Aperture, do the 
ſame into a greater? Is it becauſe there muſt be an 
exact Proportion between the little Points of the 
Diſſolvent, and the Pores of the Matter to be diſſol- 
ved? Or to ſupport this Explication, muſt Figure 
de annexed to Magnitude ? 


VOI. 1 EF ; Ws 


\ 
55 


92 Lectures in Experimental Philoſopby?. 
WIꝭ cannot doubt but that one Matter differ 
from another by the Configuration of it's inſenſible 
Parts; and becauſe they are differently figured in 
different Bodies, it follows, that the Pores in every 
one muſt be of different Forms. By the help of this 
Principle, which is inconteſtable, we may eaſily con- 
ceive, that a ſolid Particle, muſt not only have a 
ſuitable Magnitude, but alſo a convenient Figure, 
in order to place itſelf in one of theſe little Vacancies, 
or to paſs from one to another. And that if one of 
theſe two Conditions ſhould fail, the other may 
eaſily be inſufficient. This is a Caſe in which we 
are obliged to acknowledge, that even with ſure 
Principles, and which are granted in other reſpects, 
we muſt ſtill continue in Doubt as to our Explica- 
tions, when. we apply theſe Principles only upon 
Conjecture, and that Experiment does not deckt 
whether we have gueſſed right or no. | 

Bor finally, tho* we ſhould be ignorant whether 
it-isa Proportion of Magnitude or of Figure, or both 
together, which makes a Diſſolvent to act upon one 
Matter preferably to another; the Fact is not the 
leſs known for that, and the Arts for a — time 
_ converted it to Uſe. 

Tux Etcher takes a Plate of Copper, whieh i 
ahi and well poliſhed ; he daubs it over lightly with 


2 Covering of a Kind of prepared Wax, which he 


blackens over with the Smoak of a Lamp. He 
draws upon this covered Surface with a Steel Point, 


which lays open the Copper by as many Strokes as 
his Deſign requires, He borders his Plate with a 
2 E. 1 | I Ridge | 
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| Ridge of ſoſt Wax, he places i it in a Horizontal Po- 
ſition, and covers ĩt three or four Lines deep with 
Aqua Fortis, weakened with common Water a third 
Part or one Half. In a little time the Copper, that 
was diſcovered by the Steel Point, yields to the Ac- 
tion of the Diſſolvent, and is eaten away more of 
leſs according to the Intention of the Artiſt, who 
regulates the Continuance of the Operation. In che 
mean while the Wax, which is not at all diſſolved by 
the Agua Fortis, preſerves the reſt of the Surface 
from receiving any Injury. *Tis thus they prepare 
a Leaf of Metal, in order to multiply the ſame 
Stamp three or four thouſand times, by making it 
paſs ſucceſſively through the Preſs, upon fo many 
Leaves of Paper. : 
MARBLE is impenetrable ro Water, and many 
other Liquors. But it is not ſo to Spirit of Wine, 
Spirit of Turpentine, or melted Wax. Theſe Ex- 
ceptions have been applied by ingenious Perſons, as 
ſo many means for introducing foreign Colours into 
the inſide of Marble, and to make white Marble 
imitate other Kinds, which are naturally coloured. 
The late Mr Dufay, who was very expert in tinging 
hard Stones, and who has communicated his Diſco- 
veries of this Kind, to the Academy of Sciences“, 
has often ſhewed me Tables of Marble artificially 
tinged, which were well imitated, and ſo ſtrongly 
penetrated, that they were afterwards poliſhed, with- 
out loſing any thing of their Colours, 


Memoirs of the Academy for 1728, p. 30. 
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Tnz Verniſhes of which now ſo much Uſe is 
made, are nothing elſe but Gums of different =, 
which are liquified by Means of ſome Diſſolvent. 
Such a one diſſolves in Spirit of Wine, which con- 
tinues whole in Oils; and theſe Oils are employed 
ſucceſsfully in the melting of others. The whole 
Art conſiſts in knowing in what Menſtruum each is 
diſſolvable; and this Choice without Doubt be. 
comes neceſſary, only upon account of the Diffe- 
rence there is, between the Poroſity of one and that 
of another, | | 


SECTION 
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SECTION, in. 


of le COMPRESSIBILITY ind ” 
EBLASTICITY of BODIES. 


H A T we have ak ſaid of Poroſity 

muſt make it evident, that the apparent 
Magnitude of any Body muſt always exceed the real 
Quantity of it's own Matter, And this Exceſs per- 
haps is as various, as are the Kinds of Bodies that 
compoſe the Univerſe. For we ſeldom find two 
Sorts of Matter, which weigh equally | under equal 
Volumes. . 

Ta1s Relation of the Volume to the Maſs is 
what we call Den/ity. One Body is more denſe than 
another, when the real Quantity of it's Matter dif- 
fers leſs from it's apparent Magnitude; or, which is 
the ſame thing, when under a given Magnitude it 
contains more ſolid Parts. Therefore Lead is more 
denſe than Copper : "But Air is not ſo denſe a as 
Water. 

Bur the ſame Body may Sos it's Deaty, 
That is to fay, it's Maſs continuing the fame, | 

F 3 it's 
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it's Volume may. vary either by increaſing or di- 
miniſhing. When a Body becomes more denſe, 
tis becauſe it's ſolid Parts contract themſclves cloſer 
into a leſs Space; and this may be done two ways, 
efther by removing an internal Cauſe, that kept the 
Parts at a greater Diſtance, or when we apply a 
Force externally, which obliges them to approach 
nearer to one another. We may diſtinguiſh from 
one another, each of theſe two ways of diminiſhing 
the Volume of a Body, by calling the firlt Congenſa- 
tion, the other Compreſſion. (Tho? to ſpeak ſtrictly, it 
will always be condenſing a Matter, when we create 
a Diminution of it's Volume, let the way of doing 
it be what it will.) Thus to ſqueeze Snow in our 
hands to make a Ball of it, is to comprefs it; to cool 
a Liquor, or to diminiſh the Heat that dilated it's 
Parts, is to condenſe it. 

We know no Body in Nature, (abſtracting from 
the Elementary Particles, or Atoms, if there be any 
ſueh, ) the Volume of which may not be diminiſhed 
by one of theſe two ways, and often by both. How 
hard ſoever a Matter may be, it is never perfectly ſo; 
it's. Particles are always more or leſs dilated, either 
by an internal Motion, which may be abated, or by 
the Action of ſome foreign Fluid, which penetrates 
it, which may be overcome by an external Power. 
For Example ; a Bar of Iron, which has been made 
red bot, afterwards becomes ſmaller and harder as it 
grows cold ; becauſe it's Parts by little and little, 
approach nearer to one another, by loſing the yio- 
lent. Motion that they had acquired! in the Fire. A 


Sponge 


3 
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Sponge ſoaked and dilated by the Water it cont» in 
is reduced to a much leſs Space, when the Water 
that fills it's Pores, is ſqueezed out. A Ball of 
Marble or of Glaſs, even a Diamond itſelf, when 
thrown againſt any thing that is very hard, will re- 
bound at that very Inſtant ; and we ſhall. ſhew pre- 
ſently, that the Motion of Reflexion is a Proof of the 
Compreſſibility of the Body reflected. * 
ALL Bodies in general, whatever State Ss are 
in, Solid, Fluid, or Liquid, are ſuſceptible of Cons 
denſation. A Piece of Marble, eſpecially if Black, 
is found to be ſenſibly leſs, when it has continued 
or ſome time in a Place, much colder than where it 
was before, when it was ſrſt meaſured: A Bladder 
or Foot-Ball filled with Air in the Summer time, be- 
comes flabby in the Winter. And the Liquor of the 
Thermometer does not deſcend towards the Ball, 
but when it's Volume is no longer ſufficient to fill the 
Part of the Tube, which it poſſeſſed when theWeather 
was hotter. '- But we ſhall forbear to ſpeak+ more at 
large of the Manner in which Bodies are condenſed, 
till we come to treat of the Fire and Heat, by which 
they are rarified. 
As to Compreſſion, we cannot ſay het? it belongs 
ſo generally to Matter conſidered in all it's States. 
All folid Bodies are compreſſible, and Experience 
| hitherto has not excepted one. Air may be conſi- 
derably compreſſed, and by this Property it exhibits 
ſurprizing Effects, which we ſhall relate in due Place. 
Other Fluids, as Smoak, Flame, Sc. haye never 
yet been tried in this View; becauſe, without Doubt, 
2715171 F 4 it 
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it would be very difficult, and perhaps impoſſible. 


to apply them alone to Experiments of this Kind. 


But as to Liquors, they have never given directiß 


any token of Compreſſibility, whatever Attempu 
have been made. And it ſeems as if all was done at 
firſt that could be done. The Experiment of the 
Academy del Cimento was as ingenious as the Reſult 
was little expected. And it does not appear, that 
any other have ſince tried it to better Purpoſe, 
Sir J. Newton * relates it as a very curious thing; and 
as if he had apprehended, that ſo ſurprizing an Effect 
ſhould be received without Heſitation; he affures us 
that he received it from an Eye-witneſs. As to my- 
ſelf, I can appeal to my own Eyes for the Truth of 
it, and the Uſe I make of it in my Courſes, has al. 
ready put it in the Power of many Perſons to do the 
lame. This is the Fact. 


EXPERIMENT I. 
PREPARATION. _ 


A BALL of Metal, the Capacity of TTY: was ex- 
eactly meaſured, and which was thin enough to be 
flexible, was entirely filled with Water, and ſtopped 
up in ſuch Manner as that none could be loſt at the 


| Orificez it was applied to a little Preſs, as is repre- 


ſented at Fig. 5. 
4 0 Treatiſe of Opticks, . 2. Part 3. Prop. 8. 
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W rn the Preſs was niade to ufd upon it, the 

Ball of Metal being compreſſed, became a little flat; 

and as we went on to preſs it, the Water made it's 

way through the Pores, and appeared upon the Sut- 
face in little Drops like thoſe'of Dew. 


* — © 8 $3 


Ix is a Matter of Demonſtration, that a Spherical 
Capacity, when the Surfaces are equal, includes more 
Matter than any other. It follows then, that if a 
Veſſel of this Figure be full; it cannot loſe it, but 
one of theſe two things muſt happen. Either it 
muſt increaſe in Surface to preſerve the ſame Capa- 
city, .or what it contains, muſt be condenſed by di- 


miniſhing it's Volume. When the Water begins to 


paſs through the Metal, the Ball is found to be a 
little flattened 3 but meaſuring it's Capacity, we find 

it to be the ſame as before the Experiment began. 
We muſt therefore conclude, that this flattening is 
owing only to the Ductility of the Metal, and that 
the Volume of the Water was not ſenſibly diminiſhed | 
under the Preſs. | 

 Lorp Bacon, Mr Boyle, and ſome other Phitoſo. 
phers, having attempted to compreſs Water in Boxes 
of Metal, have thought they found Marks of it's 
Compreſſibility z but it is very likely that what they 


perceived, 


gs Tocburei in Experimental Phileaphy, 
perceived, was owing to the Flexibility or Elaſticity 
of the Metal, or elſe to that of ſome Bubbles of Air, 
| which were incloſed | in the Box with "hy Wan 


"EXPERIMENT. — 


PanPARATION.. 11 


In Eg. 6. ABCD is a very thick Glaſs Tube, 
which is three.Lines Diameter within, 1s ſeven Feet 
high, and is crooked at the End, like a Hook. At 
ficſt a little Quickfilver is poured in, which fills 
the Curvature, and which comes to a Level at BC 
The Part CD is filled with Water, the Tub is ſtopt 
perfectly and ſubſtantially at P, and then Quickſil- 
ver is poured into the — AB, wut it is commpleats 
Iy full. | Nn, 


EFFECTS. 


Tur Column of Water, which is between C and 
D, oppoſes the Preſſure of the Quickfilver with fo 


much Reſiſtance, that it does not ſenfibly hit 
in n Volume. 
ä En En t gar a 
Wie ſhalt make it appear, when we come to treat 
chf Hydroftaticks, that the Preſſure exerted by the 
Mercury againſt the Water in C, is equal to the 
*Weight of the Column contained in the Part A B of 
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the T ube. But this Column of Mercury, which is 
about 6 Feet 10 Inches high, is equal to three times 
the Weight of the Atmoſphere, which riſes to a very 

© Force. And ſince it is not ſufficient to con- 
denſe ſenſibly the Volume of Water, againſt which 
it ii tis a Proof, that the Parts of Liquids are 

ry hard, and that the Subſtances 1 in this * are 
5 unde flexible. 


APPLICAT 10Ns. 


 AL.THoven in the Experiments we baxe now 
produced, the Water gave no perceivable token of 
Condenſation; yet we muſt not conclude from 
thence, that Liquors are abſolutely incompreſſible, 
but only that they are able to reſiſt all the Attempts 
that have hitherto been made to compreſs. them. 
Every thing inclines us to believe, that at laſt they 
would yield in a ſenſible Manner, if it was poſſible 
to expoſe them to greater Degrees of Preſſure ; and 
that they yield even to thoſe we now make Uſe of, 
but | in a Quantity which is too little to be perceived. 
All ſolid Bodies are compreſſible, becauſe they are 
porous, and therefore their Parts. may approach 
nearer to one another. And what elſe is a Liquor, 
but a Collection of little ſolid Bodies, which we may @ 
conſider as ſimple Subſtances, or rather as little Maſ- 
ſes compoſed of Parts, which are not fo cloſely 
united, bur, that they leave little Vacuities, between 
mem. If Poroſity makes the greater Bodies capable 
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| of Condenfation, Ought not the ſame Cauſe to pro- | 
duce the ſame Effect i; in ſmaller Bodies ? All that can 
be laid ' "3h that Compreſſibility ought to diminiſh 
with the Magnitude of the Bodies ; that is to fay, 
that the leaſt are leſs flexible; that conſequently the 
Parts of one Liquor, becauſe of their extream Small. 
nels, are Proof againſt the greateſt Force. But it 
follows from the ſame Principle, that none are abſo- 
lutely incompreſſible, but what are abſolutely ſimple; 
ſuch as Atoms would be, or the primary Parts of 
Bodies, upon which our Experiments can take no 


5 bold. 


II is s for our Advantage, that whatever i is liquid 
can reſiſt ſuch Preſſures, as would batter and bruiſe 
other Bodies. Whatever we draw from Vegetables 
by Expreſſion, - as Wine, Cyder, Oils, c. would 
never ſeparate from the ſolid Parts that contain them, 
if the Liquids could be compreſſed as well as the 
Solids. Fruits committed to the Preſs, would only 
change their Volume. The Eaſineſs that we find 
in extracting the Juices, which Nature has there 
prepared for our Uſe, is almoſt wholly owing to 
the Reſiſtance, that Liquids oppoſe to being com- 
prefſed. f 

Wx cannot but be ſurprized when we conſider, 
that the ſame Body i is compreſſible or not, according 
as a greater or leſſer Degree of Heat changes it's 
Condition. A Piece of Ice exhibits Marks of Com- 
'preffion. | Tet i it be reduced to Water, and it is fill 
the ſame Matter, but is no longer compreſſible. 


War, Sulphur, Metal, Sc. ſhew the ſame thing, 
c | when 
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when they are made to paſs from a State of Solidity 
to that of Liquidity. This Phænomenon is of ſome 
conſequence, and deſerves well to be explained, | 

But the Misfortune is, we can only offer a Conjec- 

ture; yet it is a Conjecture founded upon N 
Principles, which makes it very probable. _ 

We may affirm, that the natural State * a: 
moſt all Bodies is to be ſolid, When they become Li- 
quids *tis becauſe a foreign Matter makes them ſuch, 
by penetrating their inward Parts, and either by 
their Quantity or Action, by giving a relative Mo- 
tion to thoſe Parts, which breaks all their Conne- 
xion, and almoſt all their Adheſion to one another. 
Tis thus that Clay, ſoaked with a ſufficient 
tity of Water, becomes a Mud, which runs upon an 
inclined Plain. Water itſelf ceaſes to be Ice, as ſoon 
35 a more ſubtile Fluid, known by the Name of the 
| Matter of Fire, penetrates it in a ſufficient Quantity, 
and gives it Motion enough to looſen ir's Parts from | 
one another. ä 

Now if a Reaſon ſhould be aſked, why ſolid Bo- 
dies may be compreſſed, and Liquors have not the 
fame Property ? May it not be anſwered with ſome 
Probability, that in thẽ firſt the Parts ſtand upon an 

. uncertain Foundation, or are only ſupported by 2 
Fluid without Action, which gives way at the leaſt 
Shock; whereas in Liquors, the Particles being more 
divided, and for this Reaſon being already leſs flexi- 
ble, are ſupported by a Fluid in more, Abundance, 
the Parts of which are ſo much the harder as they 
are more , i we ſhould pur into a ; Veſſel, a 
| ©*** certain 


94 Leftures in Experimental Philofiphy. 

certain Quantity of little Balls of Steel, or of any 
other Matter of equal Hardneſs, they would not ſen! 
fibly yield to Compreſſion, whether they were alone, 
provided they touch, or whether they were mingled 
with others that are ſmaller, which would hinder 


them from touching; ſuppoſing that theſe laſt were 
themſelves inflexible. See Fig. 8. 


EXPERIM ENT III. 
' PREPARATION. 


Urox a Table of black Marble which is very 
ſmooth, and ſmeared lightly .over with Oil; from 
the Height of two or three Feet, at ſeveral times, 
and in different Places, is let fall a little Ball of Ivory, 
which may be about three Quarters af an Inch in 
Diameter. See Fig. 7. 


EFFECTS. 


By looking obliquely upon the Marble Table 
wherever the Ivory Ball has touched it, we ſhall 
Perceive a round Speck, about two Lines in Diame- 
ter; which Speck will be greater .in thoſe Places 
where the Ball has fallen higher. 


Ex PLANATIONS, 


Ivox v, tho? very hard and firm, yet is a com. | 


FM Matter. "when: it falls upon the Marble, 
| the 


* 
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che Motion of it's Weight, which urges it, occa- 
bons 2 Preſſure, which puſhes a greater or leſs Part 
of this little Sphere towards it's Centre. And as'theſe 
compreſſed Parts are of a Nature to reſtore them- 

ſelves again in an Inſtant,” there remains no Mark of 
this Compreſſion upon the Ball, but the Speck 
which appears upon the Marble, is an inconteſtable 
Proof of that flattening, which now difappears. IT 
we ſhould chooſe rather to ſay, that the Marble funk 
down and reſtored itſelf immediately ; this equally 


proves the Compreſſibility of a very hard Body. 
Probably both of them happen; the ſame Compreſ- 
fion may pit the Marble, and flatten the Ball. But 
of theſe two Effects, the latter is doubtleſs the moſt 
conſiderable, whereby to judge of the Nature of theſe 
two compreſſed Bodies. Wherefore we ſhall adhere 
to the latter by way of Preference, and what. we 
ſhall now ſhew, that the round Speck inconteſtably 

proves the flattening of the Ball, abſtrafting from 
the Flexibility of the Marble, would like wiſe oblige 
us to admit the pitting or ſinking of the Marble, if 
we had no nt to the Compreſſibility of the | 
Ivory. 

Tis known that the Circumference of a Circle, 
when it's Convexity is applied to a Right-Line, 
touches it but in one Point G, Fig. 9: Tis conceived 
alſo, that ſpherical Surfaces ate compoſed of circular ; 
Lines, as Plains are of right Lines, and that the 
Surfaces have the fame Reſpect to one another as the 
Lines, chat compoſe them have; if the Circle 
Fora 2 the right Line but in one Point, the I 

B 


e 
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Ball in our Experiment, if only ſet down upon the 
MarbleTable, would touch it likewiſe but in one Point, 
When it was let fall, if it appears that it applied it- 
ſelf to the Marble according to. a circular Surface of 
two Lines in Diameter, we muſt neceſſarily allow, 
that. the firſt Point of touching, g, Fig. 9. has ap- 
proached nearer to the Centre by the Force of Com- 
preſſion, and that after this, the Points round about 
have ſuffered the ſame diſplacing : This has given 
way for a ſenſible Portion of the Surface to apply it- 
ſelf to the Marble, and to leave an Impreſſion there 
upon the ſlight Coat of Oil, with. which it was 


APPLICATIONS, 


Ir a Body is compreſſed equally through the abck 
Extent of it's Surface, provided it be compreſſible, 
nothing can follow but a Diminution of it's Volume; 
becauſe all the oppoſite Points ſubmit to equal 
Powers, and their reſpective Situations continue the 
fame. Such is the State of an Animal that lives i in 
the Air or in the Water: Being ſurrounded on all 
Sides by one of theſe two Fluids, they are not ſenſible 
of their Preſſure, tho? it be conſiderable; becauſe it 
makes an Equilibrium with itſelf, and diſplaces no- 
thing of that, which is expoſed to it's Force. But if 
the Compreſſion ſhould be greater on one Side than 
on the other, it's Effect would be no longer confined 
to diminiſh the Volume; the Fi igure alſo would be 


changed, 
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changed, as may be perceived by the Fall of a Ball 
of Lead upon a hard Body, which then would looſe a 
part of it's Sphericity: Or, By throwing a Hand- 
Ball againſt a Wall, which often leaves nene 
Footſteps _ it's 's fltrening 


Of the Blaſicity, or Springineſ of B 0 D. 1 'B s. 


Or all Bodies, chat are 1 "ION onde 5 
in the State that the Compreſſion has made them 
aſſume; that is to ſay, they, — have changed either 
Magnitude or Figure, remain in this Change, even hen 
their Compreſſion is over : As the Ball of Lead, which. 
continues flattened after the Fall; and a Snow-Ball, 
which remains in the Form, which has been given 
by the Hands, that ſqueezed it up. Others, on the 
contrary, reſtore themſelves, and, after having been 
compreſſed, they re-aſſume the ſame Dimenſions, and 
the ſame Figure, which they had before. Such is 
the Ball of Ivory of the foregoing Experiment; and 
ſuch is a Bubble of Air, which riſing from the Bot- 
tom of a Veſſel full of Water, becomes greater, as it 
riſes higher towards the Surface. | 

Bovizs of this laſt Kind, are called Elaſtic, or 
Spring y Bodies. For Elaſticity is nothing elſe but 
that Endeavour, by which certain compreſſed Bodies 
ſtrive to reſtore. themſelves to their natural State. 
This Property therefore ſuppoſes that they are com 
preſſible ; and as Liquors are not ſo in any ſenſible 
Manner, we are to conclude, that if they have any 

VOI. I. G Springineſs 
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Springineſs, their Re- action has too little uin | 
vilible.. 2 
LIE EIS all the Bodies thats are elaſtic, are nat 
ſo in the ſame Degree, Some of them hardly reſtore 
themſelves at all, and then, as to Uſe, their Elaſtici. 
ty is looked upon as none at all. This Kind of Bo- 
dies are called Soft, which means only a Privation of 


Springineſs, ſach as is active — to be con- 
ſidered. 


Tuosx in which the Elaſtic Force may be per- 
ceived, re-a&t more or leſs according to the Hard- 
neſs, Stifneſs, or Diſpoſition of their internal Part. 
But there are none, of which we may aſſure outſelves 
by poſitive Proofs, that their Elaſticity is perfect and 
unalterable. We almoſt always obſerve, that this 
| Quality may be loſt or weakened by long Exerciſe, 
or by a Compreſſion of too long Continvance. A 
Bow, which is too often bent, or for too long a 
Time, keeps at laſt the Curvature, which has been 
given it. Hair, Wool, or Feathers, with which 
Houſnold- Furniture is ſtuffed, in Proceſs of Time, 
looſe almoſt all the Conveniance they afforded when 
new; and their ſinking down, is the Es 
quency of a Springineſs worn out. 

Wxũ muſt not therefore promiſe ourſelves: Biber 
ments, that are rigorouſly exact, to eſtabliſn the 
Theory of Elafticity ; ſince the Bodies, which have 
the moſt of it have not yet enough, or ſo much as is 
neceſſary, to render them perfectly elaſtic. Beſides, 
ve cannot operate but in ſome material Medium: 

Tho we ſhould chooſe the Air, which is the lealt ſo, 


e 
* ” 
* * 
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we have already ſhewn, that it is capable of Reſiſt- 
ance, and we ovght to expect, that it will deſtroy 
ſome Part of the Effect, tho? ever ſo little: © But near 
Approaches are ſufficient, when there is wanting but 
very little of Exactneſs, and when we are obliged to 
make Abatements for inevitable Obſtacles. 
pered Steel, and Ivory, have appeared co me Don 
per enough for the Effects, by which we are to prove 
what is .moft needful to know about Elaſticity. 
Therefore I ſhall make uſe of them preferably to any 
other Matter, in Experiments of this Kind. But as 
thoſe, which I have made choice of, require ſome 
Knowledge of the principal Properties of Motion, 
of which as yet we have faid nothing; I thought it 
beſt to omit them at preſent, and ſo much the rather, 
becauſe they will find a proper Place hereafter among 
thoſe, which we ſhall make uſe of to ſhew the Laws £7 


of Motion in the Percuſſion of Bodies. 
Tax Arts have employed Elaſticity, to ſo many 


good Purpoſes, that it would be a long and needleſs Un- 
dertak ing to enumerate them here. It will be enough 
to produce an Example or two, by which we thay 


judge of the Uſefulneſs of others. 
Ir it is uſeful and convenient to travel at ones eaſe; 


almoſt all this Advantage, is owing to thoſe Plates 
of Steel, to the Straps of Leather, and to other ela- 
tie Bodies, upon which Coaches and Chariots are 

| ſuſpended. Without this Precaution, the beſt Poſt- 
Chaife, or the fineſt Coach, would be nothing better 
than a Tumbril or Dung-Cart coveret and adorned, 


in which one ſhould be miſerably jolted: For, if all 
| G2 - that 
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that compoſes the Carriage, were equally inflexible, 
the Diverſity of Motions created, and ſuddenly inter. 
rupted by the Roughneſs of the Roads, would be 
communicated with all their Violence to the Perſons 
riding within. 

Tun Meaſuring of Time, is a hk of fo much 
concern to every Body, that there are few without a 
Pendulum-Clock, or a Watch, and who do not 
look upon it as a neceſſary Piece of Furniture, This 
EKind of Inſtruments, which are to be conſidered as 
a Maſter-piece of Art, are put in Motion by a Spring, 
(Hg. 10.) formed of a Plate of Steel, rolled up 
within itſelf, and lying in a little Barrel, which it 
makes to turn as it unfolds itſelf, the Motion of | 
which is communicated by indented Wheels, quite 
to the Pivots or Axis, which carry the Hands; which | 
Hands are thereby made to ſhew the Hours and Mi. 
nutes upon a Dial-Plate divided for this Purpoſe. 
We ſhall mention. elſewhere, how they have arrived 
to the Art of making the Action of the Spring to be 
nearly equal, during the whole Time that it unwinds, | 
For, there is a Difficulty that preſents itſelf at firſt 
Sight; which is, that this Action continually dimi· 
niſhing, as the Spring unbends, the Motion muſt 
alſo retard in all the Pieces that are governed by it, 
and ſo the Hands would make the Hours, and the 
Mlinutes, longer towards the End than at the Begin. 
ning. Therefore a Remedy was to be found to this 
Inconvenience, wh ich they have accompliſhed bys 
very ingenious Device, of which we ſhall have Oc: 
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caſion to ſpeak when we treat of the Theory 6 wi 
Leaver, and of the Machines relating thereto. - 

Or what Aſſiſtance are Springs in the Buſineſs of 
Gunnery? By what other Means could ſuch quick 
Motions be procured, and fo hard to be perceived by 
a Bird, or by a Quadruped, which Nature has taught 
to be upon the watch: againſt every thing that threa- 
tens it's Life; and which defeats the Craft-and Dex- 
tery of the ableſt Sportſman, by Organs of an exqui- 
fite Senſe, and by an Agility, which often defies his 
' Purſuits? The Trigger of a Gun, directed by a 
Spring, ſtrikes in an Inſtant, a ſharp Flint againſt a 
little Piece of tempered Steel. The Fire catches the 
Powder, and the Bullet, driven by it, ſmites the 
Animal, before it has had any warning, either by the 
Flame or the Sound ; or at leaſt before it can make 
any Advantage of that Warning. 

Nor only the Arts have made good Uſe of the 
Elaſticity of Bodies, and have made commodious 
Applications of it ; bur they have alſo found Means 
producing it, or of increaſing it, in ſuch Bodies as 


have little or nothing of it. 
i ſonordus Bodies muſt be ſpringy, as we 


ſhall prove more at large after our Experiments upon 
the Air. Tis for this Reaſon, that they make Bells 
with Copper and Pewter- melted together. For it 
has been obſerved, that mixed Metal is harder, and 
ftiffer, and more elaſtic, than the ſimple Metals of 
which it is compoſed. 

Taz Generality of Metals, even without Allay, 


become capable of a greater Re- action when they are 
G 3 hammered 
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hammered cold: This the Workmen call Ca- bar. 
dening. This is eaſily perceived by the. Veſſel itſelf. 
when a Spoon, or Fork, has only been caſt and 
filed, and owes nothing to the Hammer, the Fa- 
ſhion of it is not ſo dear; but then it is leſs durable; 
The Piece is cracked with the leaſt Violence, and ic: 
Poliſh is never ſo neat, A Workman ſkilled in 
Clock -Work, in Mathematical Inſtruments, in 
Goldſmiths Work, Sc. never fails to caſe-harden 
his Work, not only to give it more Solidity, but 
alſo to make it more valuable by a more ſhining Po- 
* liſh, in bringing the Particles nearer together, and 
making the Pores of the Metal more cloſe. _ 

Bur of all the Bodies, of which the Springine 
is increaſed by Art, there is none more remarkable 
than Iron converted into Steel; and among the 
different Proceſſes made uſe of for this Purpoſe upon 
this Metal, nothing is comparable to Temper ing. 
HRE I muſt inform you, fr, that Steel is not 
a particular Metal; it ſhould be conſidered as Iron 
prepared; and tho? there are Mines that ſupply it 
immediately, the moſt common and the fineſt, is 
that which is made with forged Iron, by introducing 
into it, a certain Quantity of ſaline and ſulphurious 
Parts, which increaſe it's Hardneſs, and make it fit 
to be tempered.” Secondly, to temper Steel, is to 
cool it ſuddenly, the very Moment it is taken reds 
hot out of the Fire; and this is commonly done 'by 
plunging it into cold Water, or into ſome ſach is 


thing, 


Taz 
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Taz chief Effects that refult from the Temper. 
ing of Steel, and from which the Arts receive the 
greateſt Advantage, are to render it very hard; to 
increaſe it's Elaſticity, and to make it durable. All 
ſharp and cutting Tools, even to thoſe made Uſe of 
for cultivating the Earth; in a Word, from the 
Lancet down to the Spade; all owe their principal 
Merit to this Hardneſs, which coſts ſo little, and 
which would be hurtful, if carried to Exceſs; if they 
did not take care to moderate it by a Degree of Heat, 
which comes after Tempering. and which 1 15 * 
Softening or Aunecaling. 

Tur admirable Effects of giving Steel this Tem- 
per, have juſtly raiſed the Curioſity of the moſt able 
Philoſophers. All of them have wiſhed to know the 
Cauſes of it, and ſome have ventured to explain them. 
But it muſt be allowed, that no Body has given ſo 
probable an Account of this Matter, and fo well-ſup- 
ported, as M. de Reaumur. After a Series of Expe- 
riments of many Years Continuance, he ſuppoſes 
that the Action of the Fire, drives out of the Middle 
of the Particles of the Steel, a great Part of thoſe 
Salts and Sulphurs, which are there concealed ; yet 
without making them totally to forſake the Maſs. 
Which Suppoſition is founded upon the common and 
known Effects of Fire, and upon Experience. For, 
we know by other Means, that in the melting of 
heterogeneous and fixed Matters, the Fire always 


cauſes a Union of like Parts. And when it's Action 


is increaſed to a certain Point upon the Steel, it robs 


x of it's Sulphurs and it's Salts, which Workmen 
G 4 _ NG: 
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call burning it. The tempering then takes hold 
of the Steel, at a Time when it's Principles, tho' the 
ſame, are found differently mixed together. Before 
it is hot, the ſaline, ſulphureous, metallick, (gc, 
Parts, being extreamly comminuated, and intimate- 
ly mixed together, . compoſed a Whole of a more 
uniform Contexture, but yet more heterogeneous, as 
to it's Particles; becauſe. every one equally pertook 
of three or four Sorts of Matters, which enter into 
the Compoſition of Steel. But after a ſufficient De. 
.gree of Fire. the Salts, and the Sulphurs, being ex- 
tracted and rolled up, as we may ſay, feparate from 
the metallick Parts, make a Whole which is more 
homogeneous, as to it's Particles; but more porous 
and leſs connected, as to the Aſſemblage of theſe 
little Pellets of different Kinds. This Hypotheſis, 
if to be called one, explains very happity all the 
Phænomena belonging to the tempering of Steel. 
For,. 

I.STEEL, when broke, appears to be of coords 

Grain after it has been tempered ; becauſe the little 
metallick Parts, which are the more apparent, on 
account of their Colour, are collected into little 
Maſſes, more at a Diſtance from one another, 
2. Tux Temper gives more Volume to the Steel 
than it had before. And this ſhould be ſo; becauſe 
it fixes it in ſuch a State, wherein, the Mixture and 
the Union of it's Principles are leſs. 

3. Tax Steel hardens by being tempered z becauſe 
it's. Particles are formed of more ſimilar Parts; and 
for this Reaſon more capable of uniting. | 

4. HAAR DENEN 
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4 HARDENED Steel, breaks ſooner than that which 

is 4 hardened, or is leſs hardened; becauſe the Ad- 

heſion of it's Particles between one another is leſa, 

ſince they are of unlike Matters, and touch one ano- 
ther by ſmaller Sur faces. 

5. LAS TL, Softening makes p Steel leſs 
brittle and more flexible; becauſe - a moderate De- 
gree of Fire, partly produces an intimate Mixture 
of unlike Parts, and makes it take a middle State, 
between that of Steel not * and Steel tem- 


pered to Exceſs. | 
- - AL.THo? we have Proceſſes that are certain for 


increaſing, diminiſhing, and taking away the Sprin- 
gineſs of ſeveral Bodies; yet for all that we do not 
know any better the Cauſes of Elaſticity in general. 
Whatever has yet been contrived to give a Reaſon 
| for it, can at moſt paſs for Conjectures only, ſome 
of which have been viſibly confuted by Experience: 
Others ſuppoſe the thing in Queſtion ; laſtly others, 
which are more ingenious than probable, have no 
Facts to recommend them. 

To fay that a Spring, which is ſtretched by bend- 
ing it, has it's Pores more open on the convex Side, 
may indeed be true. That the Pores tho? more open, 
are not yet open enough to fill themſelves with the 
groſs Air, and that they continue empty, this may 
ſtill be probable 3 but to add, that in Conſequence of 
theſe little Vacuities, the Preſſure of the Air, which 
acts on the oppoſite Side, is the Cauſe of the En- 
deavour, which we ſee the Elaſtick Body to make, 
to recover it's firſt State; this is what Reaſon does 
| not 
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not aſſert, and which Experience expreſsly denies 
For Elaſticity performs all it's Functions, as well in 
deprived of the groſs Air, as elſewhere, - 
L c/ALL that ſuppoſing what is in Queſtion, to at. 
tribute the Springineſs of Bodies to the Air, which 
they contain within their Parts as fo many little Balls, 
which find themſelves compreſſed in the concave 
Part of a Staff, which is bent, and which re-a& til 


it is ſtrait again. For it will ſtill remain a Queſtion 
what is the Cauſe of the Springinſs of the Air? 


LasTLy, If with the Change of Figure, which 
is made in the Pores of a Spring when bent, we ſup- 
poſe the Action of a Fluid, which is every where, a 
the Materia ſubtilis, or ſomething like, which acts by 
it's Weight, we may form an Explication which will 
have ſome Likeneſs of Truth. But I doubt much 
whether it will be admitted, if it is not ſupported by 
Facts; and I cannot fee how ſuch can be found; that 
will ſpeak to the Purpoſe. 

War we have faid in the foregoing Lecture, 
and in this, concerning the Diviſibility of Bodies, the 
Subtilty of their Parts, the Variety of their Figures, 
their Impenetrability and Poroſity; engages us, and 

| Puts it within our Power, to explain in general after 
what Manner we acquire the Knowiedge of the Ob- 
jects that ſurround us. For whatever is without our- 
ſelves, would be unknown to us, if it did not make 
ſome ſenſible Impreſſion upon us. And this In- 
preſñon, which aſſumes ſo many different Forms, ve 
owe almoſt entirely to the great Minuteneſa of the 
Parts, which affe& us, and t the different Figures 
they 
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they acquire, Whatever is material applies itſelf 
to our Senſes, and it is from the Repos eng 
make, that we form our Innes. | 


HOES DS EN, n 

RSS 7 — 4 % \/ 0) \ 2 
= 0 0, „1 = 22S 2 * .. 

i l - ” ) a> * *. — * — es - l 


A Digreſton concerning the SENSES. 


CNERTAIN Faculties of an animated Body, 
'S by which it maintains a Correſpondence with 
external Objects, we call Senſes. Theſe are fo many 
Means that the Creator has furniſhed them with, 
that Animals may be in a Condition of feeding them- 

ſelves, of defending themſelves, of aſſiſting one ano-. 
ther, and of propagating their Kind. For, without. 
the Senſes, they would hardly differ from a Plant, 
which grows in the ſame Place where Nature pro- 

duced it; which withers immediately when it's Nou- 
riſhment fails; and which ſuffers with equal Inſenſi- 
bility, either the Spade which cultivates it, or the 

Knife that deſtroys it. 

Tux Exerciſe of the Senſes, is meerly an animal 
Function; it belongs as well to Beaſts as to Men. 
It ſeems alſo in this Reſpect, that many Species of 
the Brutes have been better furniſhed than we have 
been. For what exquiſite Smelling have Dogs! How 


ſharp of * are ſome Birds of Prey 


Wr 
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Wr commonly diſtinguiſh five different Senſes, 
the Touch, the Smell, the Taſte, the Hearing, and 
the Sight. There are but few Animals, in which we 
may not reckon up ſo many. Poſſibly there may be 
Species 1 in Nature, that may have ſome. other Senſe, 
that we know. nothing of. But it is with this a; 
with all other things, that are not impoſſible; we are 
not to admit them without Neceſſity, and without 
Proof. Every Senſe has it's particular Seat in ſome 
Part of the Body, which in this Reſpect is called it's 
Organ. The Ear is the Organ of Hearing, the Eye 
of Seeing; and ſo of the reſt. 

Tuco' every Organ is ſenſible, it is not ſo how. 
ever for all Sorts of Objects; for every one has it's 
particular Province. The Ear would direct itſelf in 
vain towards the Light, and the ſharpeſt Sight could 
not perceive the Sound of a Bell. Even tho? the Ob- 
ject ſhould belong to the Organ it affects, the natural 
Senſation would not take Place, unleſs when the Im- 

| preſſion is neither too ſtrong nor too weak. We 
ſhould: not diſtinguiſh the Image of the Sun, if we 
ſhould immediately receive his Rays into our Eyes, 
And few Perſons could read a Writing in ſmall 


Characters, if they had only the Light of the 
Stars. 


Wu is it then 10 perceive, or to make Uſe of 
our Senſes? On the Part of the Animated Body, ti 
to receive upon ſuch or ſuch an Organ, the moderate 
Impreſſion of an Object, which affects it either by 
ieſelf, or by ſome intermediate Matter. On the 
Part of the Soul, which animates the Body, tis to 

recollect, 
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recolle& the Ideas, which it has connected with 
theſe Impreſſions; or to form new ones, if the Im- 
preſſions are new. If a Man, for Example, in open 
Day ſhould caſt his Eye upon a Dog: The Light, 
which illuminates the Body of this Animal, rebounds 
to the Spectator, and ſtrikes a Place at the Bottom 
of his Eye, terminated like the Figure of the Ani- 
mal, which reflects it. On this Occaſion the Soul 
recolle&s the Idea of a Dog, which is familiar to it; 
and if the Memory furniſhes it with the Idea of ſome 
other Dog, it judges this to be great, little, lean, 
fat, &c, by the Comparifon it makes with it. Now 
to know how the Organ affected by the Object, de- 
termines the Mind to think in conſequence of it; 
this is what Phyſicks do not pretend to teach us, 
and is (I believe) what exceeds the Limits of our 
narrow Comprehenſions. The Union of the Soul 
and Body ; the Intercourſe of theſe two Beings of 
ſuch different Natures, 1s one of thoſe Myſteries, - 
which perhaps it is more prudent for us to admire 
than to pry into. 

BuT as a Man ſees a Dog, ſo does a Dog ſee a 
Man: And his Actions as well as ours, ſeems to be 
regulated by what he ſees, by what he underſtands, 
&c. Therefore ſhould it be aſked what paſſes in this 
Animal, when an Object affects any one of his 
Senſes? This would be another of thoſe thorny Que- 
ſtions, wherein our Curioſity is diſappointed, and 
upon which the moſt inquiſitive Genius's, have in 
vain exhauſted all their Philoſophy. According, to 


the Doctrine of des Cartes, a Beaſt is nothing elſe 
7" mn 
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but a fine Machine, all the Pieces of which are ſo 
well matched, and ordered with ſuch perfect Corte 
pondence, that one of them being moved by the ex 
ternal Object, that has hold of it, immediately de- 
termines the reſt to move in ſuch or ſuch a Manner. 
The Nerves of each Organ being touched as they 
ought, tranſmit to the Members their different Mo. 
tions, whence ſuch or ſuch an Action is the reſult, 
This Thought is grand, and bold; it is even perſuaſive 
when one conſiders it without Prejudice. But it 
would weaken it to build it's Probability upon Ex- 
amples or Similitudes. An Oyſter or a Snail, which 
of all animated Beings ſeem to be the moſt infirm, 
is beyond Compariſon much above the moſt perfe 
Watch, or whatever elſe Art can produce that is 
moſt ingenious. The loweſt of Mankind, can never 
be perſuaded to look upon the Actions of a Hork, 
a Hound, Sc. as the Reſult of a Mechaniſm, which 
is purely material. To have a Relifh for this Phi- 
loſophy, one muſt be but very little of a Philo- 
ſopher. 
Wir RHour doubt we ſhall rather chooſe to be- 
lieve, that the Body of a Brute, is animated and go- 
verned by an intelligent Being, which begins to live, 
and dies with it, and which is the Principle of all it 
Thoughts, and of all thoſe Judgments, of which we 
think we ſee Indications in the ſeveral Actions of 
Animals. This Opinion is neither contrary to Res- 
ſon, nor to the Doctrines of Religion, and has found 
| Patrons, and till finds them to this Day; and that 
vot only among the Vulgar, who judge only from 


Appearances, 
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Appearances, but even among ſuch as think, and 
who entertain no Opinions till afrer they 1 
choroughly examined them. 

gur it muſt not be thought, chat in taking: this 
' Side of the Queſtion, we are put above all Difficul- 
ties, When we conſider the Docility of a domeſtick 
Animal; the Craft and Subtilty of certain wild Beaſts 
of Prey; the Regularity and Induſtry, that prevails 
among certain Kinds of Inſects, which live and la- 
bour in Society; it is very convenient to account for 
it by ſaying, That all theſe Animals are intelligent, 
the Author of Nature has made them ſuch, by 
incloſing in their Bodies a Soul, which is of a Kind 
« ſuitable to their Condition'. Now if this Soul is 
immaterial, as is pretended, what becomes of it? It 
has been lately obſerved®, That after a certain Worm 
has been cut into five or ſix Parts, and often more, 
every Portion continues to live, and becomes again 
2 compleat Animal, and in all things like to that, 
which had been divided. Was there then ſeveral 
Souls in the ſame Individual; or elſe that which is 
not Matter is it diviſible? We will not urge this 
Queſtion any farther, in a Work in which all meta- 
phyſical Enquiries are prohibited : But we will apply 
ourſelves wholly to what may be Ueared up, and proved 
by Experiment and Obſervation. As to the Matter 
in hand, we ſhall confine ourſelves to explain the 
Mechaniſm of our Senſations. We will trace the 
external Object, or it's Action, to the Part of the 


. & knee Hina of inte nn. Ten. VI. Pr. 2. 50 
| Body 
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Body appointed to receive it's Impreſſion; and let u 
ſee what are the neceſſary Conditions, in the Object 
to be actively ſenſible, and in the _ to be effet · 
rually affected. 


1. TOUCH. 


Tu chief, and the moſt general of our Senſe is. 
the Touch; we may ſay, that all the reſt are only. 
the Species, of which this is the Genus. When we 
hear the Sound of the Voice, or of any Inſtrument, 
this Senſation is nothing elſe but a tremulous Motion, , 
excited at a certain Part of the Ear, by the Conta& of 
the Air, which itſelf is agitated by the ſonorous 
Body. When we ſee any Object, tis becauſe the 
Light, -which proceeds from that to us, ſtrikes upon 
the Bottom of the Eye. Thus to Taſte, to See, to 
Hear, to Smell Odours, properly ſpeaking, are to be 
touched in ſuch or ſuch a Part of the Body, by a 
certain Matter. Whereas the Touch, which we con- 
ſider as the firſt Senſe, conſiſts in receiving, upon 
any whatever ſenſible Part of the Body, the Impreſ- 
ſion of any Matter whatever, The other Senſes have 
their Organs, and Objects that are proper to them; 
this poſſeſſes the whole Habit of the animated Body, 
and is extended to whatever is palpable. Beſides it 
has this Advantage over them, to be at the ſame time 
both Active and Paſſive, For it not only puts it in 
our Power to judge of what makes an Impreſſion 
upon us, but likewiſe of what reſiſts our Impulſions. 
We can ar. the Organ to the Object, and it is by | 
8. Contact 


ö 
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Contact or Handling, that we uſually inform our- 
ſelves of the Condition of thoſe Bodies without us, 
which it concerns us to know; . 

Taz Bodies that we n or which touch us, 
make different Impreſſions upon us, according to 
their Magnitude, Figure, their Conſiſtence, the De- h 
gree or Kind of their Motion, their Temperature, 
Sc. And to all theſe different Manners of Touching, 
different Names have been given, which expreſs ei- 
ther the Action of the Bodies upon us, or our, Action 
upon them. To  firike, to prict, to pinch, to 
Scratch, to Tickle, &c. are ſo many Expreſſions, 
which ſhew what different Bodies make us feel, in 
conſequence of their Maſs, their Form, or their. 
Manner of moving. Cold, hot, bard, ſoft, dry, 
moiſt, commonly denote the Senſation, which is 
excited in us, by a Matter, which we handle, by the 
actual Condition of- the Parts, which compoſe it's 
Maſs. As the Senſations of Touching may vary ad 
infnitum, either by the Variety of the Object itſelf, 
by the Extent and Diſpoſition of the Organ, and by 
the different Manners by which one is applicable to 
the other; we are very far from being able to charac - 
terize all by proper Names. Thoſe, which we have 
mentioned, and many others, which we omit, are 
only (as we may ſay) generical Terms, by which we . 
make known, with the aſſiſtance of ſome Circumlo- 
cutions, the different Species that may be reduced to 
them. By Tickling, for Example, we denote what 
we feel in the Throat, when a ſlight Acrimony pro- 
rr H vokes 
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vokes us to cough. Likewiſe we ſay, that a Me- 
dicine pinches or gripes, to declare that it makes 
| ſtrong Impreſſions upon the Parts which it affect. 
Tac the Object of the Touch is generally without 
us, the different Parts of the ſame Body act recipro. 
cally upon one another, both without and within. 
When the Hand touches the Foot, it creates two 
Senſations. It is at the ſame time the Object of one, 
and the Organ of the other. As to what paſſes with- 
in, and without Interruption, the Habitude deprives 
us of the Senſation of it. For Example; the Action 
of the Fluids upon the Solids does not become ſenſible, 
but when it brings ſome Change to the natural State: 
And then we feel what we call Wearineſs, Weakneſs, 
or Pain. 
WI may fay in | general, that in every Organ, the 
Nerves are the moſt eſſential Part; that in which the 
Action of the Object is terminated, and after which 
we can no longer perceive any thing that is mecha- 
nical. The Bottom of the Eye, where Viſion is 
compleated, is only an Expanſion of the optick 
Nerve. The Lamina Spiralis of the Cochlea, which 
is looked upon as having the greateſt ſhare in the 
Functions of the Ear, is a Compound of nervous 
Fibres. And the Organ of the Touch is found thro' 
the whole Extent of the Skin, and eſpecially at it's 
We Surface; where it is known that all the little 
Nerves are terminated, which form the greateſt Part 
ol this. Tegument. *Tis thoſe little Nipples, the 
£545 | Rows 
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Rows of which form Ridges towards the Extremities 
of the Fingers, where the Touch is generally more 
exquiſite than elſewhere. A ſkillful- Anatomiſt , 
has lately given us a very conciſe and intelligible De- 
ſcription of the Skin, in a Work wrote profeſſedly 
on the Senſes ; the reading of which, I think, will be 
very uſeful to thoſe, who deſire upon this Subject 
more ample Diſcourſes than what can find a Place 
here. 


WHaT proves beyond Diſpute, thr die Herd 
have a greater Share in the Touch than any other 


Part, is becauſe this Senſe exerts it's Functions more 
or leſs perfectly, according to the actual State of 
thoſe little nervous Tufts, which we may perceive | 
at the Superficies of the Skin, and which are covered 
only by the Epidermis, Fig. 11. If a Burn dries 
them up, if any foreign Matter covers them; if too 
great Cold contrafts them, or hinders them from 


ſpringing out; the Part where this happens loſes 


; It's Senſe, and does not recover it till theſe Accidents 
are removed. The Diſtempers of the Nerves, which 
do not go ſo far as to deſtroy their Economy, are 

alſo the more ſevere ; becauſe they immediately attack 
the Organ of S:nſations. The Lethargy and the 
Palſy, which ſuſpend or ſtop their F ata 2 
rally cauſe Inſenſibility. 

_ AccipenTs, Diſeaſes, old Age, eur Ae 
us of our other Senſes, We often ſee blind 1 


711 (15 
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deaf Men, and People whoſe taſting and ſmelligg 
are almoſt quite worn out: But it is very rarg tg 
find a Man, who is univerſally inſenfible. - We ſhall 
ſoon perceive the Reaſon of it when e conſider,, how 
many ways we can feel external Objects as reſiſting, 
in Compariſon of the organical Parts, which repre. 
ſent them to us as ſonorous, coloured, ſavoury, ot 
odor iferous. The Extenſion of the Touch is theres 
fore a Refuge, which Nature has provided for thoſe, 
who, by any Accident, or vicious Diſpoſition, ſhould 
find themſelves deprived of their other Faculties 
Thus we ſee blind Men, who ſupply the want. of 
| Eyes by their Touch; and tho? the Touch be ng. 
thing near ſo delicate, as the other Senſes ; yet when 
it is made Uſe of out of meer Neceſſity, and made 
more perfect by Habit, it performs Wonders. But 
I vould not warrant the Truth of all the Stories that } 
are generally related on this Occaſion ; for when any 
thing approaches; near being wonderful, it Lela 
om bd. _ W | 


Cc 
As the Growth and Support of Animals depends 
on the Noutiſhment they take in, and of the Choice 


they make of it ; it was convenient that Nature ſhould 
form them in ſuch a Manner, that they themſelves 


| ſhould defire their neceſſary Aliments, and diſtin- 
Rh 2 gui. 
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guiſh ſuch as were fitteſt for them, It was neceffary 
they ſhould feel the need of eating, and that they 
ſhould take Pleaſure in ſatisfying it. For without 
this Precaution, the Care of living would have been 
a Burden. Let us judge of it from ourſelves. . Were 
we only to diſcharge a Duty when we fit down to eat, 
it muſt be allowed, that Indigeſtions would not be 
ſo common, and perhaps we ſhould ſee many People 
die for want of feeding themſelves. The Author of 
Nature has foreſeen this Inconvenience, and to pre- 
vent it has put Motives within ourſelves, which pre- 
vail more powerfully with us than our own Lazineſs 
can do. A faſting Stomach urges us by Hunger and 
Thirſt; and the Mouth, which gratifies theſe two 
Appetites, makes itſelf amends by the Savours which 
it taſtes, for the Trouble it takes in preparing r 
Aliments for Digeſtion. 
Tux Taſte conſiſts then in Leda 4 Im- 
preſſion of ſavoury Matters, and in receiving or re- 
jecting them, according to the Ideas, which they 
cauſe to ariſe, and the Judgments, which are Sar e 
from them. 
Sàvouns, which are the Objects of the Taſte i in 
general, proceed chiefly from the ſaline Parts, which 
are found in all Matters whether Animal or Vege- 
table; which we take either as Food or Phyſick. 
[Theſe little angular pungent Bodies are fitter than 
others to penetrate even to the immediate Organ, 
and to make themſelves: perceived there. We may 
judge of them, by putting a Grain of pure Salt 
| H 3 upon 
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upon the Tongue, of any Kind whatever, where 
ir will make a very ſtrong Impreſſion. And their 
Analyſis diſcovers, that of all mixt Bodies, thoſe 
that affect the Organ moſt, are ſuch as abound moſt 
in Salts. 
Wi know but a very ſmall Number of Salt that 
are eſſentially different, or of which the Parts divided 
by Water ſhew themſelves under Figures, which are 
conſtantly different. Thence it follows, that the 
Senſations of the Taſte would be but little diverſified, 
if the ſaline Parts contained by the Aliments were tg 
act alone, and without Mixture upon the Organ, 
But Nature has mingled them with other Principles, 
which are not ſavoury of themſelves, which only 
act as Objects of the Touch in general, and of which 
the Number and Quantities, may be combined. ad 
infinitum, Water, Earth, Air, Sulphur, Oil, are 
ſo many inſipid Matters, which Nature has formed 


zs an Ingredient into almoſt every thing, that ſerves 


for the Nouriſhment of Animals. The Mouth in 
bruiſing theſe Aliments ſupplies a Lymph, which 
promotes the Diſunion of the Parts, and which lays 
open their Principles. But this Diſſolvent has not 
ſo much hold upon ſome as upon others. The Sul- 
phur and the Oil, for Example, do not ſubmit to it's 
Action, which the Earth and the Water do. 80 
that the ſaline Part never diſengages itſelf but imper- 


fectly, and in Proportion to the Py of that 
mach! 15 cloſely united to It: | 


Tat 
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Tu E moſt ſimple Savours, and upon which Men 
are more generally agreed, are thoſe wherein the Salts 
are the leaſt mitigated by the Mixture of other Mat- 
ters. Every Body knows what it is to he alt, ſeur, 
ſweet, bitter, harſh, &c. Theſe different Senſations 
are ſo remarkable, that they are preſently diſtinguiſh- 
ed. They are as it were the Baſis of all others, which 
become ſo much the more difficult to deſcribe and 
expreſs, the more they recede from this pfimary Sim- 
plicity. The Bitterneſs of Coffee, for Example, 
corrected by the Sweetneis of Sugar, produces a mixt 


Senſation. The Juice of Fruits mingled with Spirit 


of Wine, takes a new Taſte. The Taſte af Victuals 


changes almoſt entirely, and is diſguiſed a thouſand _ 
different ways, by that infinite Number of Prepata- 


tions and Mixtures, which Daintineſs has: made an 
important Art, and which has been SP eee 
in our Age. 

Ir is with the Object of the Taſte, = wide of 
the Touch, Mixx Savours depend on certain Prin- 
ciples, the Aſſemblage of which is capable of infinite 
Combinations, ſo that it is impoſſible to mark them 
all by particular Names. They are expreſſed by 
comparing them to ſome Savour that is more ſimple, 
or better known. Thus we ſay, Such a Fruit is a 
little tart, or bitter. Such a Fiſh bas the T, ofte of 4 
Pike, &c. 

As to the Organ of Taſte, all Anatomiſts have 
agreed, that it is chiefly in the Tongue. A great 
many of them think, that it is through the whole 


| 


H 4 inſide 
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| infide of the Mouth, and many extend it as far as 
the Gullet, or even to the Stomach. It is hardly 
poſſible to reſtrain it to the Tongue alone, Every 
one may know from his own Experience, that fa- 
voury Matters make themſelves perceived, tho mote 
faintly, at the Palate and the Bottom of the Mouth, 
But what determines the Queſton is this, that People 
have been known who had no TINGS and * . 
their Food.“ 
HxxxE alſo the n of the nervous Fibres, 
thoſe Nipples we mentioned before, are the imme- 
diate Organ of Taſte. But whereas for the Sen- 
ſation of touching they are ſmall, and covered over 
by a pretty ſmooth Skin of ſomething of a cloſe 
Texture; in all the Parts of the Mouth where they 
are obſerved, and eſpecially in the Tongue, Fig. 12. 
they are bigger, leſs compact, and as it were ſet into 
a Covering or Sheath very porous, and watered by a 
Lymph which keeps them ſupple, and puts the 

ſavoury Parts of the Aliments in a Condition to touch 
them, which is neceſſary to make it perceived. For 

it divides it, it unfolds it in ſuch a manner, that 
it gives it the degree of Tenuity, proper to inſinuate 
itſelf through this very porous Skin, that covers the 


little nervous Tufts, upon which the Impreſſion is 
to be made. | 


'  * Memoirs of the Academy, for 1718. p. 6. 
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Tax Organ of Taſte may be ſpoiled and worn 
out as well as others, by a too immoderate Uſe of 
it's Object. The ſtrong Savours, ſuch as ſpirituous 
Liquors, and thoſe high ſeaſoned Ragoiits fo much 
in Faſhion at this Day, much diminiſh the Senſibili- 


ty of thoſe Parts, which are often to undergo the 
Impreſſion of them, Experience teaches us, that the 


ordinary People, who accuſtom themſelves to drink 
Gin or Brandy, find Wine too inſtpid for them, and 
therefore do not regard it. We know on the con- 
trary, that Drinkers of Water have generally their 
Taſte more nice and exquiſite than others. This Li- 


quor, which has hardly any Savour, -preſerves the 
Organ in it's full Senſibility, becauſe it is not capable 
of altering the Texture of it. Diſeaſes or-old Age 


may alſo create a Diſorder in this Part. At the be- 
ginning of a Recovery from Sickneſs it often hap- 
pens, that we have no Taſte for our Food; becauſe 
there ſtill remains ſome vicious Humour, that choaks 
up the Pores, through which the ſavoury Particles 
ought to paſs ; or becauſe ſome preceding Accidents 
have cauſed an Alteration in the Organ itſelf, which 


is not yet returned to it's natural State. But I have 


inſenſibly paſſed the Boundaries of my Undertaking; 
and it belongs to Phyſick and Anatomy, to ſupply 
what may be farther added; though ——_ I have 
already ſaid but too much. | 


. * 
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Tz Smelling, to which we aſſign the third Place 
among the Senſes, when we begin with thoſe, which, 
in Appearance, are the moſt groſs; yet may be 
reckoned in the ſecond Place, if we have Regard to 
the Order that Nature obſerves in their Exerciſe, 
For it's Functions often precede thoſe of the Taſte, 
What is offered us to eat or drink is hardly admitted, 
till it is firſt examined and approved by this Senſe, 
And Animals which have their Touch neither ſo 
familiar nor ſo nice as we have, by the Uſe of their 
Noſe determine about the Quality of their Food, 
eſpecially when it is new to them, and when they 
cannot diſcern any outward Reſemblance to what they 
have been accuſtomed to. There is ſo great an Affi. 
nity between the Taſte and the Smell, as well in re- 
ſpect of the Object as the Organ, that ſome Anato- 
_ miſts have conſidered the latter as a Part or Supple- 
ment to the former. And indeed we ſee, that what: 
ever is friendly to one, naturally pleaſes the other, 
One is tempted to put to one's Mouth, ſuch Matters 
as exhale agreeable Odours, unleſs we know othet - 
wiſe that it has hurtful Qualities. And if it happens, 
that any cuſtomary Food diſpleaſes our Smell ; either 
Habit, or ſome powerful Motive muſt prevail over 
Wes | that 
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that Repugnance that will not fail to ariſe, without 
which we ſhould deny ourſelyes the Uſe of it, upon 
the ſole Teſtimony of our Noſe, Wee 

As the Inſide of the Noſe communicates with the 
Mouth, it often happens, that the Senſations of the 
Taſte are connected, and as we may ſay confounded, 
with thoſe of the Smelling. This Effect 1 
when the Savours are ſpirituous and volatile. And 
thence again proceeds a prodigious Variety of Senſa 
tions, according as the Smell has a greater or a leſſer 
Share therein. When it partakes a little too much of 
it, as it's Organ is more ſenſible than that of the Taſte, 
this loſes it's Right for a Moment, and the whole 
Senſation belongs to the Smelling. Who is a Stran- 
ger to what happens, when we take a Doſe of Muſ- 
tard a little too large; or when we drink too ings} 
ſtrong Beer ? - 

IT appears. that the origcipal Object 4 hs Swell 
ing are Volatile Salts, and that the Variety of Odours 
proceeds from the Mixture and the Quantity of other 
Principles, that are conjoined with them, -For the 
fixt Salts are not able to apply themſelves to the Or- 
gan and whatever is not ſalt in mixt Bodies, tho“ 
it may be volatile, ſeems inſipid to the Smell as well 
asto the Taſte, We obſerve, on the contrary, that 
whatever promotes the Eyaporation of the Matters 
wherein volatile Salt abounds, whatever opens their 
Principles, alſo makes them more odoriferous. 
When Meat is dreſſing, the Action of the Fire di- 
vides the Parts, ſubtilizes them, and puts them in a 
c State 
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State of Exhalation, and then the Sceat becomes very 
ſenſible. When we mingle Sal Ammoniac in Powder 
with Quick-Lime, or with Salt of Tartar, the urinou 
volatile unfolds, raiſes itſelf, and ſmells very ſtrong; 
Fox the ſame Reaſon Fermentation, or Putrefac. 
tion, always make thoſe Matters ſmell very ſtrong, 
which in their natural State ſmell very little, or no- 
thing, and they generally change the Quality of the 
Odours. For theſe inteſtine Motions, give occafion 
to the Parts to diſplace one another, and to diſunite. 
If this Diſunion does not go ſo far as to decompound 
the little Cluſters, and to change the Nature of the 
Mixture as it begins to ferment ; it becomes only | 
more odorous, becauſe it exhales in a greater Quan- 
tity. But if the Principles themſelves, which com. 
poſe the integral Parts, come to ſeparate, not only 
the Odour becomes ſtronger and more penetrating, 
becauſe the Organ will be affected by more fubtile 
Parts; but the Senſation alſo will be of another Spe- 
cies, becauſe it will be excited by Corpuſcles of a dit 
ferent Structure, wherein the ſaline Part, which is 
the principal Agent, will be more or leſs abundant; or 
more or leſs opened. Fruit as it grows rotten, Fleſh 
when it corrupts, exhale Odours more and more diſ. 
agreeable, not only becauſe they are ſtronger, but alſo 
becauſe they become more fetid, the Tarther the Cor- 
ruption proceeds. 
oOvov xs are till leſs to be deſcribed and charac- 
terized" than Savours themſelves. We are hardly + 
| greed on any fundarnental Senſations of this Kind, 


We 
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We content ourſelves with reducing thoſe, that are 
Jeſs known, to thoſe that are more ſo; as to the 
Fume of Sulphur, to that of burning Linnen, to the 
Vapour of Urine, to the ſmell of a Violet, of Citron, 
of Amber, Sc. without any Pretenſion however, 
that theſe different Exhalations are ſimple Odours. 

Ir muſt needs be, that the Corpuſcles, capable of 
moving the Organ of Smelling, are ſuſceptible of a 
prodigious Diviſibility. We may judge of it by the 
Experiment, and by ſome Obſervations, which we | 
have produced in the firſt Lecture “, to prove in ge- 
neral, to what an immenſe degree Bodies am diviſible. 
Theſe little exhaled Parts float in the Air, and 'tis 
this Fluid that carries them to the inward Parts of 
the Noſe, where the Organ is ſituate; when by Reſ- 
piration we determine it to paſs this way. 

Tux internal Part of the Noſe is covered with 2 
Membrane, which Men of Art call Pituitary. Tis 
a Texture compoſed for the moſt Part of the Fibres 
of the olfactory Nerve, which is generally acknow- 
ledged to be the Subject of Odours. Theſe nervous 
Fibres, terminate at the Superficies of the Mem- 
brane, in the form of little Nipples, upon which the- 
Impreſſion of the odoriferous Corpuſcles is made. 
See Fig. 13. This in ſhort, is the Organ of Smell- 
ing; a longer Deſcription would be improper here. 
Thoſe who would be inſtructed more at large, will 
find it much to their Satisfaction in the Treatiſe of 

* and third Experiment. 
| M. 4 
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M. * Cat, which we have quoted above; alſo is 
M. Winflow's Anatomical” Explanations, and elt. 
where. We ſhall only add, that ſtrong Odotits, ad 
a too frequent Uſe of them, harden (as we may fay) 
the little nervous Tufts to which they are applied, 
and make them loſe that delicate Senſe, which thoſe 
Perſons enjoy, who abſtain from the Uſe of Snuff 
and Perfumes. We may alſo loſe for a' Time the 
Uſe of this Senſe, when there is a ſuperabundant 
Humour, or when it is too thick, which inſtead of 
moiſtening the Organ as much as is neceſſary, to 
keep it ſupple and ſenſible, choaks and ſwells up it's 
| whole Subſtance. For then it not only ceaſes to be 
in it's natural State, and well diſpoſed to diſcharge 
it's Functions; but the Air, which paſſes with Diffi- 
culty, does not carry with it the ſame Quantity of 
Odour. This is what we find, and is eaſily obſeryed, 
in that Indiſpoſition which is called a D from 
the Brain. 
We ſhall ſay nothing here about the Hewing and 
the Sight, becauſe we ſhall have Occaſion to explain 
the Mechaniſm of theſe two Senſes, when we come 
to treat of Sounds and of Light. It remains only to 
finiſh this Digreſſion, by ſome Remarks which may 
ſtill be made, upon the Senſes i in 1 conſidered 

in Man. 

4. Tao' according to the 8 of Nature, 
every Individual of our Species ought to make ſuch 
| Uſe of his Senſes as they were given him for; yet 
it is not to be doubted, but that all theſe Faculties 
8 are 
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are not in une 
ere have been ſome® whoſe Smelling: was as 
exquiſite as that of Hounds. Others could diſtin- 
ouiſh Objects in Places ſo obſcure, as that People of 
ordinary Sight could not perceive them. Some 
Epicures find in Ragoùts and Liquors ſuch different 
Flavours, as eſcape the Obſervation -of common 
Palates, Such a Degree of Perfection in the Senſes, 
when it is not at the Expence of ſome other Advan- 
tage more valuable, ought to be looked on as one of 
Nature's Bleſſings. But that the Senſibility of our 
Organs ſhould be within Bounds, and that our Sen- 
ſations ſhould not have the utmoſt Extent they might 
have had, is not a Misfortune to us, and we have no 
Reaſon to complain of it. On the contrary, a much 
greater Delicacy of the Senſes than is commonly 

found, would expoſe us to many Inconveniencies, 
- unleſs at the ſame Time a Reformation was made in 
the Objects which have been uſed to affect them, and 
that we ſhould alſo change our Manner of thinking. 
Too much Light hurts our Eyes, ſuch as they are 
now, If they were more nice, an ordinary Bright- 
_ neſs would be always too much for them, and we 
ſhould never ſee without Pain, Would it be agree- 
able always to ſee Objects in the Manner we ſee them 
through a Microſcope? The fineſt Skin would then 


: Journal des Sgavans, Apr, 1667, Memoires 4. Sade, 
Feb. 1725. 
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appear nothing elſe but a rough Tegument, erery 
where full of Blotches and Wrinkles, And che 


brighteſt Diamond would ſhew us only ill- prepared 
Faces, and without Beauty or Symmetry. And this 
Reflexion may aun be amd to an reſt of the 
Senſes. | 

2. Ir often ICS in the Uſe of the a that 
though the Organ may be ſufficiently affected by the 
Object, yet the Senſation has not it's Effect in reſpect 
of the Mind. How often does it happen, that one 
may have his Eyes open upon an enlightened Object, 
and yet not ſee it? Or that one may ſpeak loud 
enough to a Perſon that is not deaf, and yet he may 
not hear us? All the Bodies that touch us, or which 
we touch by Chance, do they therefore come to our 
Cognizance? *Tis becauſe in order to know what 
touches us, we muſt feel it. In order to hear, ve 
muſt hearken. In order to ſee, we muſt behold. 
But to feel, to hearken, to behold, is not only to 
ſuffer the Object to act upon the Organ; it is to join 
the Attention of the Mind, to the Exerciſe of the 
Senſe which is in Function. An abſent or unatten- - 
tive' Man often behaves like a deaf, blind, or inſen- 
ſible Man. Who is it that does not know the Effects 
o Abſence of Mind ? . 

3. Tux Senſations, as we have bland before, 
excite our Ideas, and theſe Ideas are agreeable or 
diſpleaſing to the Soul that conceives them, But 
what is more remarkable is this, that the ſame Ob- 
Jeet 1 is the Cauſe of pleaſure to PRs: and is —_— 
able 
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able to others. Some Perſons love Bitters; but the 
greateſt Number abhor them. Certain Odours pleaſe 
theſe, and are inſupportable to thoſe, This is what 
has given Occaſion to the common Maxim, That 
there can be no Diſpute about Taſtes. But ſtill far- 
tber: That Senſation which gave me Uneaſineſs 
ſome Years ago, is now become pleaſing to me. Such 
a Man ſhewed Diſguſt in drinking Beer, or in taking 
Tobacco for the firſt time z afterwards it became his 
Delight. The Scent of Muſk, which was all the 
Faſhion formerly, now gives a Man the Head-ach. 
Are not the Organs nearly the ſame in all Men? And 
in the ſame Individual, are they liable to change from 
Time to Time? 

As it is a thing well known, that the organical 
Parts are more delicate in ſome Perſohs than in 
others, and conſequently more ſuſceptible of Im- 
preſſions; and that the immoderate Action of the 
Object may be hurtful to them; it may thence hap- 
pen, that what is only an ordinary Senſation for ſome, 
may be for others a violent Irritation, troubleſome 
and diſquieting to the Soul, which watches for the 
Preſervation of the Body, and which is diſguſted at 
every thing that has a Tendency to diſorder the ani- 
mal economy. 

Bur it muſt be owned, that the Imagination has 
as great a Share as any other Cauſe in all theſe Va- 
rieties. Objects pleaſe us, or give us Diſguſt, ac- 
cording to the Ideas we have connected with them. 
And theſe Ideas depend much on Habit, on the 
Faſhion, and on Prejudices. We have heard it ſaid 

VOI. I. 1 dy 
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by People whom we thought Men of Taſte, that ſuch 
a Matter, while burning, produced a good Odour. 
This is enough to make us like it when we try-it, 
When we firſt faw Oyſters, our Eyes would poſlibly 
give us but a diſagreeable Repreſentation of them; 
but by little and. little theſe firſt Ideas grow weak, 
and yield to others more pleaſing, which we con- 
ceived upon taſting them. Thus as our Senſations 
partly depend on the Diſpoſition of the Organ, the 
Judgments which follow them are much influenced 
by the e 1766 Wh of the Soul. 
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LECTURE III. 


Of the Mobility of Bodies; of Marion, of it's 
Laws and bl 
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SECTION = 2, 
Of the Mobility of BODIES. 


E muſt not confound Mobility with 
2 Motion ; theſe are two Things en- 


Nei perty common to all Bodies 3 the 
other is a State out of which they are often con- 
ſidered, and which is not eſſential to them. I ſome- 
times repreſent to myſelf ſuch or ſuch a Matter as 
being at Reſt, but 1 always conceive it may receive 
dhe Motion it has not at preſent. 

| I 2 bleeds 


tirely different. The farſt is a Pro- 
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Mosi I rx is founded upon certain Dilpoſiiph, 
which are not found in the ſame degree in all Bodies. 
What makes ſome have more Mobility than others 
is this, that we need apply leſs Force to make them 
paſs from Reſt to Motion. The chief of theſe Diſ. 
poſitions are Figure, Smoothneſs of Surface, andihe | 
Quantity of Matter contained under the Vun of 
the Body we intend to move. \..A 8 | 
| To conceive this with eaſe, let us W to 
ourſelves firſt two Maſſes of Glaſs, Ivory, &c. of 

equal Weight, one of which is a Cube, the other a 
Bowl, both ſet upon a Table. Theſe two Bodies 
will only differ in Figure; but this will be ſufficient 
to make the laſt much more apt th. the firſt to te- 
ceive and preſerve Motion. Let us now give them 
the fame Figure, without changing any thing in 
the Equality of their Maſſes. But let us only con- 
<ceive, that the Surface of one is uneven, and that of 
the other ſmooth. This Difference will make this 
Body. more mobile. Far leſs Force will make it 
move. upon a ſolid Plain, or in a Fluid. Finally let 
us ſuppoſe the two Bodies alike as to F igure, and in 
the Poliſh of their Surfaces, but differing as to their 
Quantity of Matter; one for Inſtance à Ball of 
Ivory, the other of Lead, both of the ſame Diame- 
ter, ſuſpended alike, or ſet upon the ſame ſtiii 
| horizontal Plain. Muſt not this latter be ſtruck 
with more Force in order to move it, than the 
other? Or the ſame Force being impreſſed on each 
of them, will it not find 1 —— ane; 
than i in the heavier? i 
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Tu Is Reluctance to Motion, which we perceive 
in all Bodies, having Reſpect only to their Maſs, is 
called the Force of Inactivity. It is, as well as 
Gravity, proportional to the Quantity of Matter 
belonging to every Body. But though theſe two 
Forces have this in common with each other, yet 
we cannot ſay they are the ſame Thing; for there 
are Proofs to the contrary. Gravity, as we ſhall ſee 
afterwards, always exerts it's Action from above 
downwards, and as far as it may perpendicularly to 
the Horizon. But the Force of Inactivity or of 


Sluggiſhneſs, reſiſts Motion which ever way we at- 


tempt to move a Body, 
To attain to a juſt Idea of this Sloggiſhneſs, 


let us repreſent the Experiment propoſed by 
Sir Jaac Newton. Fig. 1. Let us conceive a Body 
of a determinate Magnitude and Weight, for Ex- 
ample, a Ball of Lead of a Pound Weight, ſuſpended 
freely by a long Thread in a quiet Air, and another 
like Ball of Lead ſuſpended in the ſame Manner, 
which ſtrikes againſt the firſt with four Degrees of 
Velocity. If the Ball at Reſt gave no Reſiſtance to 
that which ſtrikes it, after the Stroke we ſhould ſee 
them both move with four Degrees of Velocity. For 
why ſhould the Motion diminiſh in the Ball that 
ſtrikes, if it met with no Reſiſtance from the Ball 
that is ſtruck? And why ſhould not the Ball that is 
removed, be removed by the whole Motion of the 
Ball that drives it on ? But Experience teaches us 
quite another Thing. The Ball at Reſt receives from 
that which ſtrikes it only a Part of it's Motion; — 

I 3 chis 
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this laſt loſes by the Stroke what the other appears to 
have acquired. Therefore a Body at Reſt makes a 
real Reſiſtance to that Effort, which endeavours to 
move it. But farther ſtill. If the Ball at Reſt, Fig, 2. 
weighs. 30 or 40 Pounds, the other Ball, which 
has then a much leſs Maſs, with the ſame Effort 
does not carry it ſo far as in the foregoing Caſe, 
Let if to move any Body whatever, nothing elſe was 
required but to make it loſe it's State of Reſt ; the 
Motion communicated would be the ſame whether 
in a greater or in a leſſer Maſs. Therefore there is 
ſomething more to be overcome, than a meer Priva- 
tion of Motion. 

. Can it be ſaid, that the Ball at Reſt reſiſts for no 
other Reaſon, but becauſe it is ſupported by the Air 
that ſurrounds it, and which muſt be firſt removed 
before it can change it's Place? But firſt, Bodies 
that are ſtruck in a Vacuum ſhew the ſame thing as 
in the Air; or if there is any Difference, it is not 
ſenſible. | : 
sꝛ con bv, the Reſiſtance of the Air itſelf makes a 
Part of the preſent Queſtion; for we are treating of 
the Sluggiſhneſs of Bodies in general. If the Air, 
as Matter, gives a Reſiſtance to the Motion of the 
Bodies which endeavour to diſplace it, and this is 
agreed on, it's Sluggiſhneſs is proved. 
Tulip, if the Reſiſtanee made by the Ball at 
Reſt proceeded only from that of the Air, by which 
it is ſupported ; to reſiſt as much again it muſt anſwer 
to a Volume of Air as big again. But the Fact is, 
that it is enough to double the Weight of the Ball f 

an 


* 


Lectures in Experimental Philoſophy. 135 
and it is well known, that a ſpherical Solid, in order 
to have a double Maſs, muſt not en Surface as 
big again as it had before. 

Can it be then the Gravity of the ſuſpended Ball 
that can oppoſe itſelf to it's Removal? Of whatever 
Length the Thread is ſuppoſed, it may be ſaid, if 
the heavy Body which it keeps ſuſpended is free, it 
will keep it ſtretched in a vertical Situation, - and will 
place itſelf in the loweſt Point which the Suſpenſion 
will ſuffer it to obtain, Whence it follows, that if 
we force it from thence, to whatever Place it is car- 
ried round about, it will ſtill be higher; and to 
carry it thither it's Gravity muſt be overcome, which | 
endeavours to keep it where it is. 

Tuts Objection is ſpecious, but not ſufficient to 
prove, that the Force of Sluggiſhneſs and of Gravity 
are the ſame thing in Bodies; if we do but conſider, 
that in the ſuſpended Balls of the Experiments referred 
to, the Reſiſtance is always proportional to the Maſſes 
eſtimated according to their full Value. Whereas the 
Gravity, at the Time of Reſt, is reduced to nothing 
by the Thread which ſuſpends the Ball; and that 
it hardly acts at all when the Ball is put in Motion, 
if the Thread be very long, as we ſuppoſe it to be; 
and that we only make it. deſcribe ſmall Arches. 
Io make this more intelligible, let us ſuppoſe the 

Ball at Reſt at the End of the String which keeps it 
| ſuſpended, Then the whole Effort of Gravity is 
overcome by the Reſiſtance of the Point of Sufpen- 
ſion. If we puſh it with the Finger into an Arch of 
2 Circle, in Proportion as it withdraws from the 
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Place of Reſt, we may perceive that it gravitates 
more and more upon the Hand that directs it; ſo 
that if the Thread becomes Horizontal, it makes 
it's whole Weight to be perceived. And when we 
guide it in deſcending through the ſame Arch of a 
Circle, we feel the Effort of Gravity to decreaſe pro- 
portionally, till the String becomes vertical, and that 
the Point of Suſpenſion is then loaded with the whole. 
We may conclude then that the Ball in queſtion does 
not reſiſt as it is heavy, but when the Thread is no 
longer vertical, or when it has paſſed ſrom the loweſt 
Place, to another that is higher. This Removal 
then muſt neceſſarily precede the Reſiſtance, or the 
Endeavour, which proceeds from Gravity. But to 
effect this Removal, a real Force muſt be employed, 
capable of overcoming and removing the whole Mak 
pf the Ball. For, if the Force ſo employed is too 
little, it is nevertheleſs a real Force; and yet it has 
not the required Effect upon a ſolid Body, the Parts 
of which are united together. Thus the ſuſpended 
Ball has given a Reſiſtance, which it was neceſſa 
to overcome, before it's Grayity could be per- 
ceived, _ 

Aro Fluids reſiſt as well a8 ah Bodies. When 
a Solid is moved in Water, according to an horizon- 
tal Direction, it cannot be ſaid that the Reſiſtance it 
finds, proceeds from the Gravity of the Medium; 
ſince all the Party of this Medium, which we ſuppoſe 
to be homogeneous, are in Equilibrium with one a- 
pother, and that we have nothing to expect from 
their Weight; ſince ye can remoye them according 
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o a Direction, which is indifferent to them; ſuch LAs 
we have ſuppoſed. 

FiNALLY the Force of Ina&tivity i is diſcorerable 
in Bodies in Motion; as well as in thoſe, which are 
at Reſt. That which moves with only two Degrees 
of Velocity will not receive a third, till a new Effort 
be made, in order to give it this new Degree. The 
lame Reſiſtance, which oppoſed the firſt Force, 
that took away it's Reſt, it alike employs againſt 
that, which would make an Addition to it's new 
State. Wherefore after having produced the 'Expe- 
riments which prove the Force of Inactivity in Bodies 
at Reſt; I ſhall add one, which to me appears de- 
ciſive, and which will not ſuffer us to confound the 
Effects of Sluggiſhneſs or 3 with a of 
Gravity. | 


EXPERIMENT I 
PREPARATION. + 


Tur Machine, which is repreſented by Fig. 3, at 
the Diſtance of fix Feet high, carries two Ivory Balls 
A and B, each of an Inch and half Diameter, and 
joined together by a little Piece of Wax. The Ham- 
mer D, which is of the ſame Matter as the Balls, is 
guided by a Spring, which is more or leſs bent; and 
which unbends when the String E is drawn, and 
— the Hammer ſtrike upon either of the two 
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EFFECTS. 
claus fon © Bit Ed 
B, O 6p the views) hon Balls, being frick h 
the Hammer, parts from A which is the other, and 
_ before | it in ann, 0 


EXPLANATIONS, 


Yi jr from ohe an- 
other, complied only with their Gravity, as we ſup. 
pale that they begin to fall at the ſame time, that they 
are alike in every thing, and move in the ſame Air; 
it is certain that they muſt arrive together at the 
Plain, which terminates their Fall. But one of 
them having received a Blow with the Hammer, 
which adds to the Effort of it's Gravity, obeys 
| likewiſe. this new Impulſe, the Effect of which is to 
make it outgo the other. And this Preceſſion is ſtil! 
the greater, the ſmarter the Stroke is, which it re- 
ceives from the Hammer. This is now a new Effect, 
which cannot be imputed to Gravity, ſince to pro- 
duce it, a particular Cauſe was applied, without 
which it would not have been, and of which it fal- 
laws the Proportion exactly. Now whatever deſtroys 
an active Farce is called Reſiſtance. Therefore 3 
Body, which falls freely, reſiſts a Motion, which 1s 
more quick than that of it's Weight, and does not 
which is ſuſceptible of all Degrees of more or leſs. 


{T3 + APPLICATIONS 
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APPLICATIONS, 2 


Ir we throw a Stone with our Hand againſt : 4 Tree 
of a moderate ſize, it will there cauſe an Emotion, 
which paſſes directly to the Branches; and the Stone 
| falls at the Foot of the Tree, without any farther 
Motion. Such a Stone thrown againſt * Rock 
ſtanding by itſelf, falls back in like manner, 
but we can perceive no Motion communicated to the 
Rock. We ſee immediately the Cauſe of this Dif- 
ference, if we conſider, - that whatever is material 
oppoſes it's Inactivity to the Shock of other Bodies z 
and that this Force, by: which it reſiſts Motion, is 
always proportional to it's Maſs. If we ſuppoſe the 
Stone moved ſucceſſively with the ſame Violence both 
againſt the Tree and the Rock, the firſt having much 
leſs Matter, made too weak a Reſiſtance entirely to 
deſtroy the Force, which urged it to move, and 
therefore was ſomething diſplaced ; which diſplacing 
was made ſenſible by the ſhaking of the Branches. 
The other having a much greater Mafs, made a more 
compleat Reſiſtance, and was therefore, as we may 
ſay, victorious. And the'Effort of the Stone being 
diſtributed but to a certain Number of it's Parts, 
was not ſufficient to be extended to them all in 
a ſenſible Manner, or ſo as to move the whole 
Body. 
Wr have ſeen above, that a Ball of Lead weigh- 
ing one Pound, which hits againſt another Ball of 
e 
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the ſame Matter and Weight, gives it a certain 
Quantity of Motion; and that it gives leſs Motion, 
or to ſpeak more properly, it leſs diſplaces a third 

Ball that weighs 30 or 40 times as much. We con- 
| cluded from thence, as we ought, that this latter 
Body, having more Matter, reſiſted more. From 
whence it follows, that the greater the Maſs is, the 
greater Reſiſtance it will make; and, laſtly, that it 
may have ſo much, as that the Effort it has to ſuſtain, 
may not ſuffice to be ſenſibly diſtributed into all it's 
Parts. But the Body cannot be removed, unleſs all 
it's Parts remove together. *Tis therefore for this 
Reaſon, that the Inactivity of Bodies preſerves ſome 
ſenſibly at Reft, againſt the ſame Attempt, which 
would put others in Motion, 


SECT LON 
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SECTION n. 


O MOTION 'm ok and it's 
PROPERTIES. 


W E call Motion that State of a Body, when 


it is actually transferred from one Place to 
another, whether we conſider it in the whole, or 
whether we have Regard to it's Parts only. Thus 
the Boat, which we deliver up to the Current of the 
River, is in Motion ; becauſe it changes it's Place 
continually, And we cannot deny that the Wings 
of a Wind-Mill move, tho' they turn about in the 
ſame Place ; becauſe each of them, paſſes ſucceſſively | 
through all the Points of the Circle, which it 
deſcribes. 
As often as a Body i is moved, it changes it's Si- 
tuation in reſpe& of the Bodies that ſurround it, 
either near or far off. A Man, for Inſtance, that 
ſits in a Coach, or is carried in a Boat, changes con- 
tinually his Relation; if not to the Perſons that ac- 
company him, yet at leaſt in reſpe& of the ſeveral 
Places he paſſes through in his Journey. 
I Ir 


— went named. Ine — 


Ir I perceive that on my left Hand, which wa 
before on my right Hand, I may then conclude with | 
that there has been a real Motion ; but 
this Change of Relation is not itſelf enough to in- 
form me, whether it be myſelf who have paſſed 
from the Place I poſſeſſed to another. For the 
ſame Effect would happen if I had been conſtantly at 
Reſt, if what I had round about me had changed 
it's Place. Whether the Sun goes about the Earth 
in 24 Hours, or whether the Earth turns about itſelf 
in the ſame time, and preſents ſucceſſively all the 
Points of it's Surface towards this Luminary, it will 
be the ſame Thing as to Appearances. And that 
Syſtem | which imputes real Motion to our Globe, in 
order to explain the different Aſpects of the Heavens, 
would never have been any thing elſe but a meer 
Hypotheſis, and would have had no Advantage over 
the contrary Opinion, had it not been otherwiſe 
ſupported by ſtronger Reaſons, than the relative Po- 


ſitions of the heavenly Bodies to the Earth. 


Tura are three Things to be chiefly conſidered 
in a moving Body ; it's Direll ion, it's Velocity, and 
the Quantity of it's Motion. 


Txre Direction is expreſſed. by the right Line that 


2 Boqy deſcribes, or attempts to deſcribe by it's 


Motion, For tho' it runs through a Space, which 
beſides it's. Length has the other Dimenſions which 
it has itſelf; yet, as if it's Matter were reduced to a 
Point, in it's Direction nothing elſe is conſidered but 
the Path deſcribed by this: Point alane, Therefore 

"TW 
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by naming only two Terms, we ſhew without any 
Equivocation, in what Manner a moving chintz is 
directed. As when we ſay, ſuch a River tuns from 


Faſt to Weſt, Such WW 


left. 
WHEN a Body begins to move, is always i in 2 


right Line, which it continues to purſue as long; ait ; 


can. And when it is obliged to leave it, it begins 
to deſcribe another of the ſame Kind, which it does 
not forſake, but when it is forced to dixect itſelf 
otherwiſe z but always in a right Line, as we mall 
ſhew afterwards, So that when a Motion is per- 
formed in a curve Line, this Curve is nothing elſe but 
a Succeſſion of little right Lines differently direfted, 
The Sling which we make to whirte round in 'a 
Circle, paſſes through an infinite Number of 'Direc- 


tions, and the Circle it deſcribes may be conſidetetl 


as a Polygon of an infinite Number of Sides. 

As many different Names are given to che Diter· 
tions of Bodies in Motion, as belong to the relative 
Poſitions of right Lines. We ſay, for Example, 
that ſuch a Body moves oblrquely, parallely, 'perpen- 
dicularly, &c. to the Horizon, or to ſuch or ſuch a 
Plain. The Direction of Rain is oblique to the 
Horizon when the Wind blows. | 

Tux Velocity of Motion, is Known by che Spate 
which the Body paſſes through, and tlie Time it 
takes up in'palfing. To have u Uiſtinct Mer of 'His 


Velocity, it is not enough to fay, that'a Man has 


travelled ten Leagues; ve mut kö likewiſe in 
how many-Hlouts he did ir. 2 
BESsI DIS, 


hs 


it does not deſeribe ſo long a Space as the other 


| does not proceed wholly from the Degree of Velocity. 
| (Yet even. thoſe who are not ignorant of this, ſome- 


r- 


liry of Velocity, if one of them takes up more Time 


Dial-Plate. They paſs over the ſame Space, but the 
Hour-Hand takes up 12 times as much Time as that 


that the Minute-Hand paſſes 12 times through that 


it's Motion. If we make a Piece of. Cork to tum 
about as faſt again as a Piece of Lead of the fame 
Volume, it is commonly ſaid, that the Cork "has 
moſt Motion. But this Expreſſion is not accurate, 
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\Bx5192s, when the Queſtion. is about relative 
Velocities, it is not enough to compare the Times 


or the Spaces only, to know in what Ratio the Ve: 


locities of two Bodies ate; we muſt divide the 
Spaces by the Times. And if we find, for Fxample, 
that in equal Times each of them has deſeribed x 


Fathom, we may conclude there was an Equality of 


Velocity. Andon the contrary there was an Inequi- 


in deſcribing a given Space ; or if in a given Time 


The Hands of a Clock or a Watch move round the 


of the Minutes. The latter then has 12 times as 
much Velocity as the former. Or elſe in raking the 
the Time of 12 Hours for a common Meaſure, we 
ſhall ſee by comparing the Spaces deſcribed together, 


Space, which the Hour-Hand paſſes through but 
once, which comes to the ſame thing as before. 


Taz Velocity of a Body is often confounded with 


and we (ſhall ſee quickly, that more or leſs Motion 


times conform themſelves to common Cuſtom z an 
Vf. 


„ 
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we ſay, an uniform, accelerated, or retarded Motion 3 
tho? theſe Modifications ought 8 to be under 
food of the Velocity of the Motion. 
 Unirorm Velocity is that, when à Body 855 
ſcribes equal Spaces in equal Times. As if à Bowl 
running upon a Plain, ſhould deſcribe one Furlong 
in a Second of Time, another Furlong in the next 
Second, a third Furlong in the third Second, and ſo 
on. So that the Times and the Spaces deſcribed may 
always be equal to one another, We eaſily conceive 
this Uniformity to be poſſible ; but in the natural 
Stare of Things it is hardly ever to be found, by 
reaſon of the inevitable Obſtacles, of which we ſhall 
diſcourſe hereafter, 

Ws call accelerated Velocity that of a Body, which 
in equal Times meaſures out Spaces that go on con- 
tinually increaſing. Or elſe Spaces that are equal 
to one another, but are deſcribed in Times that de- 
creaſe more and more. As a Stone which falling 
freely, will go faſter and faſter towards the End of 
the Fall than at the Beginning. x 
Ir on the contrary equal Spaces are not performed 
but in Times that increaſe more and more; ot ſup- 
poſing an Equality of Titnes, if the Spaces deſcribed 
80 on always decreaſing ; this Velocity will be called 
retarded, Such is that of a Ball rolling on the 
Ground, which goes flower and lower till at aft it 
comes to Reſt. | 
Taz Quantity of Motion is eſtimated by the Maſs 
and the Velocity taken rogether ; ſo that by multi- 
Plying one by the other, we may exactly know the 

YOL L | «K Ratio 
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Ratio of the Motions of the two Bodies we would... 


compare, Suppoſe, for Example, that one of the "bs 
has 100 Grains of Matter, and the other go; and 
that both of them move with 4 Degrees of Velocity. 


The Quantity of Motion in the firſt will be 109 x4; 
or 409. And in the other it will be 500 X 4, or 2009. 


Thus theſe two Quantities of Motion compared, 
will be as 400 and 20, We may cafily perreim 
the Reaſon why we myſt thus eſtimate the Quanticy 


of Mation, when we conſider, that all the Yglacity 
with which we make a Body to move equally; be; 


whole Body in a Condition of deſcribing a Fuflong 


in a Second of Time, I ſhall determine it's Velocity 


py that, but I impreſs this Velocity on all the Parts 


which campoſe this whole Body. So that if after 


the Impulſe received they ſhould bappen to diſunite, 
we cannot conceive that any of them will be at Reſt, 
On the contrary we perceive, that all of them equally 
obeying the ſame Cauſe which bas determined them 
to move, they will continue to perform ſc parately 
what they had begun in common; abſtrating how- 
ever from the Obſtacles, which increaſe in Conſe- 


| quence of this Diſunion, and which we ſhall explain | 


elle where. 
A Bopy i in Motion may move . and this 


Faculty i 1$ like wiſe relative to it 8 Maſs and 50 w . 
Velocity, ſo that one of them may be-recampencel | 
by the other. For that whoſe Maſs is hut fmall may 
make as great an Effort with much Velocity, as the 


logs to all the Parts of it's Maſs, For if ] puta 


Mer can make with leſs Velocity, if .j * has a wo. 


1 


419 


4 
* 
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Maſs. With a ſmall Hammer which fitikes fmartly 
one may drive the fame Nail as far ase can with a 
hrgef Hammer that ſtrikes but ſiomrty. R Tail 
stick does not hurt ſo much een 
both ſtrike with the ſame Velocity? eck, 
Tut Motion of Body, hen it is e 
move others; whether it has only a Tendency do move 
them, ot whether it dots .aRually move de 
called a Power, or a mthe Forge. { 5D&t00 as - 
Ir bas always been thought chureli Foray _ 
Caſes indifferently ' 0ught-t6 be eſlitnated; like the 
Quantity of Motion," by the Maſs and Velocity: bt 
juntly. And indeed, if @ Bedy is vigtd c wore, 
whether it does really move, 6r Whether it is with- 
| held from Motion by Obſtacles, We diff hd no- 
a3 it has ſolid Parts 3 or (which is the fate This) 
the whole Maſs malciplyel by it's - finple Vaotty. 
And we cantiot petceive, either that iinvitielle' Opt 
poſitions, or a Libetty of Aion, ca wake" wy 
Change in the Quantity of Matter, 6f in the Lem. 
pulſe that has once a ann its Ve 
locity. | X 

A dert hanna Phitoſophers! have Aas 
te Sentiments of Mr Leibnitz, who was the" fiſt 
that eſtabliſhed a Diſtinction between the moving 
Force, which is overcotne by an Obſfacle; and that 
which acta againft a Reſiſtance that gives way. Tlie 
frſt they call dead Force, and they are agreed thag it 
Oght to be valued as the u of Motion, by 
multiplying the Maſs by the ſimple Velocity. Asto 
K 2 the 


5 
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the laſt, which they call live Force, chey Pretend, 
that to eſtimate it according to it's juſt Value, the 
[Mafs muſt be multiplied, not by the ſimple Velocity, 
but by the Squate of the Velocity; that: is to ſay, by 
the Velocity multiplyed by itſelf. If, for Example, 
the Veldcity.is 3, it is not by 3 that the Maſs: muſt 
be multiplied, but by g, or three times three. Ac. 
cording to this Opinion, a Body which acts againſt 
an Obſtacle, having it's Maſs 2, and an Impulſe to 
tegulate it's Velocity at 4. has but 8 Degrees of Force 
While the | Reſiſtance remains victorious ; but no 
ſooner does this Reſiſtance come to yield, but the 
Force to [which it is obedient becomes ns and 
hom 8. mounts. to 32. 
W may well conclude, that a Philoſopher fk 
a8 Mr Zeibnitz was, and ſo great a Mathematitian, 
Vas not determined raſhly to introduce a Principle of 
ſuch Novelty, and which appeared to bes of ſuch 
Conſequence in Mechanicks. He bas even pro- 
Flaimed it by a pompous Title, which ſhewed his 
Eonfidence in it ?. And indeed, he has ſupported 
his Theory by Experiments, and by ſuch ſpeciou 
Arguments, that we cannot be much ſurprized that 
be has found Defenders, even among the Philoſo- 
phers, the moſt able and the beſt informed. But we 
gannot but obſerve like wiſe, that the greateſt Num · 
ber have rejected this new Docttine, and look upon 
i 2 Famdon, And that after long Examinations 
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the greateſt Part have been of Opinion, that we muſt 
rather endeavour to reconcile the Phænomena which 
ſerve for Proofs of Mr Leibnitz's' Notion, with the 
Principles that are known and generally admitted, 
than to receive a Novelty which does not ſeem to be 
connected with thoſe clear and diſtinẽt Ideas, eee 
we had hitherto of the Motion of Bodies. 
Wr do not think ourſelves obliged to eb 
Scrutiny into this Queſtion, in a Work wherein we 
propoſe only to eſtabliſh ſuch Principles as are the 
leaſt conteſted, The ſeveral Pieces of this famous” 
Diſpute are better laid open than we can pretend to 
do, in many Works already printed and well known. 
I ſhall mention but two, one is the twenty-firſt and 
laſt Chapter of a Volume in Octavo, printed in 1740, 
under the Title of Inſtitutions of Phyficks z in which 
a Lady, as much to be regarded for her Learning 
as her Birth, has ſet in the beſt Light with the 
greateſt Ingenuity, whatever can be ſaid in favour 
of the living Forces. The other i is, A Diſertation 
upon the Eſtimation of the moving Forces of Bodies; in 
which M. de Mairan, who is the Author of it, 
recites a Memoir, which he had read to the 
Academy of Sciences, in 1728. In this he op- 
poſes the Opinion of living Forces by very ſtrong 
Reaſons; and explains very intelligibly, and upon 
the common Principles, whatever appeared not 
be capable of it, but by Sang the TRI 00 
alen, 0514. - 66-4 ens 
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With one Degree of Velocity, And,it muſt be owned, 
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HowrvnaA I muſt not omit, (and this is one 
of the Reaſons, - which diſpenſe: with me; for Bot 
farther inſiſting an this Queſtion) that thqugh, the 
Sentimenta are divided about the Manner of valuing: 
the Force of Bodies in Mot ion, yet they are perfet. 
about the Effects, that will refult from them. Thoſe 
who do nes receive Mr Laibni'z's Diſtinction, agree 
however with the Deſenders of hving Forces, that 
the Effects are quadruple on the Part of a Body, 
which, moves with two Degrees of Velocity, in Com- 
pariſon of that, which has but one. But, fay, they, 
tis not decauſe 4 is the Square of 2, that this Effecb 
fallows. Tis only becauſe the Body, which has. 4 
Degrees oh Velocity makes an Effort, which is re- 
Pftated cwice as much as that of a Body, which moves, 


that if, we make, the Conſideration of Time to enter 
into. the Examination of the Facts, which are 
brought, as Proofs, of the. living Forces ve ſhall 
- then find aurſelves, in the common Road; and the 
Square df the Yelocities has no longer a Place for the 
E mation of Forces, which are only retarded by 


ey which yield j but to value thoſe, which 
againſt invincible Obſtacles. 


Ir follows. from this Conceffion, and from it's 
Kenner ion, that if the Affair of kving* Forces be 
53 Quettion about a Word only, at leaft\it-may 

faid, that it is nor of ſb great Conſequence in Me- 
chanicks, as it ſeemed to be: And thar we- may 


eſtimate indifferently, And without any Error in 
BAYS) MN F724 K Practice, 


Tefturts in Experimental Philohpth. 151 
practice, the Force of Bodies by the Qdantity of 
Motion, that is, by their Mafs and by their fimple 
ava} Velocity; if they really move: And; if they 

are retained by invincible Obſtacles, by their Ter- 
dency to Motion, Which is as their Maſs ah their 
initial Velocity 3 that is, the Velocity wit} Which 

they would begin to move, i the er to 
pe way. 

Re87 is the State oppoſite to Motion, 'Tis bers. 
for the State of a Body, which perſeveres in the fame 
Relations of Situation, with the Objects that ſutrouril 
it whether near or 4. fur off. I ſay near or a- far off tb 
ſhew, that we are here concerned about abſolute 
Reſt: And that we do not conſider as ſuch, the State 
of a Body which is carried away with whatever ſor- 
rounds it; as a Man, who travels with three other 
Perſons in the ſame Coach. For, though he may be 
at Reſt relatively, and in Reſpect of thoſe that ac- 
company him; he is not ſo in Reſpect 4 external 
Objects. 

II. this Kind of Reſt, which we have now ex- 
cluded, is perhaps the only one, which ws ought to 
admit, to ſpeak rigorouſly z for if the whole Globe, 
that we ,inhabit, turns continually about it's Axis, 
and at the ſame time deſeribes an Orbit about the Sun, 
as it is very probable, there is no Body upon it's 
Surface but what partakes of the Motion, which is 
common to all it's Parts. And if any thing appears 
to be at Reſt, tis only relatively to other terreſtrial 
Odjects. But as whatever ſurrounds it in this Re- 
bheld ia enten ded as far as our whole 8 when 

„ we 
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we only compare terreſtrial Bodies with one another, 
we may conſider, as abſolute, the Reſt of that Thing, 
which does. 9 ren in reſpect of 
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rs has not t ird De as Motion has, unleſi 
when we confound it with the Force of Inactivity. 
It is always as much as it can be. But it may hap- 
pen, and what is very common, that a Body may be 
at Reſt if conſidered as a Whole, and yet it's Party 
may be in actual Motion. A Block of Marble, 
which is expoſed to the Heat of the Sun, does not 
change it's Place, but all it's Parts are in Agitation. 
For all Naturaliſts agree, that one of the chief 
Effects of Heat is, to put in Motion the Parts of the 
Ma Ms upon. which 77" 
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3 Laws of Mation are certain „ een Molds 


according to which all Bodies are conſtantly 


moved, when they 2 with —_ * 


Force. 

S1MPLE Motion is, when a Body n 
one Force only, or which tends but to one Point 
alone, Such is that of a Man who glides in a Right- 


Line upon a Canal of Ice :,.Or that of a heavy Body, 


which it's own Weight makes to deſcend along a 
Line perpendicular to the Horizon. Such a Motion 
is the Effect of a ſingle Impulſe, or of ſeveral, which 
ſucceed one e in the ſame Direction. 


19 


The firſt. Law / of SIMPLE MOTION. 


Every Body, which is once put in Motion, continues 
to move in the Direction, and with the 


by ſome new Cauſe, 
EA Tunis 


Velocity it has received; if it's State is not changed 
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Txr1s is as much as to ay, that if the Body de. 
| e. from 3 3 which i it 1 once begun 


Sah . R SAC it SOR | 
which add to, or which retrench from it's Motion, 
without which the firſt, ed not ceaſe to have 
it's full Effect. For why ſhould it's State ſuffer any 
Change? The Force of Inactivity, which kept it at 
 Neff'ai Bug a it dodld} Mid which was to he over- 
eome in order to put it in Motion, makes it after. 
wards reſiſt any Variation as much as it can. And 
thik Neſiſtance muſt again be overcome by forge 
palkuvie: Force, beford we fhall find any DT 
mr or leſs in the State: of che Body. "ne 
Br why ſhould Nature make itſelf a Law, which 
ig hover to hævq an Effect? Or rather, How can we 
aſſign eo Bodies. Motion, 2 Conſtancy of Direction 
and: Velocity, which» does not repreſent Nature 2 
ſue appears to he Hus any one ever ſeen a Motion 
without Alteration; and which males itſelf perpetual 
without a Neceſſity of being renewed ? A; Body the 
moſt. in. Motion, and the moſt violently agitated; 
does it not at laſt come to Reſt, after ſome deter. 
minate Time? 

Mb onen tft we have A % Kaen 
ment in our Power, that can prove in a girect and 
Poſtide Mannier, Wat is e this firſt Lav 
ed. 2 de 3 
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Bur firſt we have ſhewn abe, that whatever 
State a Body is in, it endeaudurs to continue in it, 
by what we have called che Fotce of | 
This Principle fuſfices to eftablift the! La im Qua- 
ſion ; becauſe by abſtracting from all foreign Re- 
tance, when onee 4 Body h itr Motion, we can 
ſee nothing in it to reſiſt the Impulſe it has received; 
nor that can deſttog that TnaMivity, which with: 
ſtands a Change of it's Stute: 

SzconDLY, If it be true! that Bodits m b 
their Motion after a certain Tit ime, it is not leis true; 
that we always know the Obſtacles, which make 
them loſe it. And becauſe that inevitable Reſiſtatees, 
(tho? foreign to them) make the Motion of Bodies 
to ceaſe ; would this be à Reaſon to conclude, that 
Motion is of ſuch, a Nature as never to be able to 
ſtop.? Ought we not rather to judge quite the cn 
trary, even upon this very account, that there is 
abſolute need of poſitive Reſiſtances to make it ſtop} 
Let us ſee then what theſe Cauſes are, which make 
Motion to ceaſe ; and let us chooſe ſuch by way of 
Preference, which are. ſo connected with the Stirs of 
Nature, as that they cannot be aydided. "FAY 

Frss7, In whatever place, or in whatever Mantiet 
we make a Body to move, it is always found in ſore 
Fluid, which in this Reſpe& is called 4 Medium, 
which it is continually obliged to puſh before” it; 
o make itſelf a Paſſage. And as this Medium is 
material, it gives a continual Reſiſtance to the Body , 
which endeavours to ile, it. The Body then 


22 


— 
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cannot continue to move, but by uſing at every 
Inſtant a Part of it's Motion to overcome this Re- 
ſiſtance. Thus aſter a certain Time it muſt have 
uſed. t 1 and find itſelf ee to A State of 
eee fig 
* — NDLT, All Bodies being heavy,. none of 
them can move in a Direct ion different from that, 
which is Proper to it's Gravity, unleſs it is ſuſtained 
by Suſpenſion, or by a Plain; or that it ſwims in 

ſome Fluid, which touches it on all Sides, In what- 
ever Manner we conſider it, it muſt always neceſſa· 


| rily paſs through t the different Points of the Surface 


of the Plain that it deſcribes, or of the Medium that 
it penetrates; or that the Pieces, which ſuſpend it, 
ſhall da the ſame thing one over the other, This 
ſucceſlive Application of Surface to Surface is called 
Fiction, and gives Reſiſtance to Motion. For, the 
Surfaces of Bodies are never perfectly ſmooth. The 
prominent Parts of one fink into the Cavities of the 


other, which makes them glide not without ſome 
| Difficulty. 


1. THE Reſiſtance of Mediums, and that which 


Proceeds from F riftion, are Cauſes therefore which 


will hinder the firſt Law of Motion from having it's 


due Effect. For, being inevitable in the State of 
Nature, Reſiſtances will reſult from them, which 
vill indiſpenſably deſtroy | a Part of the Velocity of 


ies at every Moment. 


No Engine then that we NE in Motion can ever 
exert che whole Motion it has received, upon the 


MAE we Propoſed to overcotne ; fince'the Gu 
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we have now mentioned will neceſſarily confuthe's 
Part of it. As it is of ſome Conſequente to know 
how much of it is left after this Deduction is d; 
we ſhall now proceed to lay down here what is chiefly 
to be copſidered, when we would make an Eſtimate 
of the Reſiſtances that ariſe from Brill of from 
Mediums. 180 er 


Of the RESIS TANCE 1 WEDIN 


Msp1vMs, tho” they are fvid, yer Hoa ed 
like other Bodies by their Inactivity, which ſtruggles 
againſt being removed out of it's Place. But this 
Inactivity, as we have ſaid before, is always propor- 
tional to the Maſs. All other things being alike, the 
more Denſity the Medium has, the more Reſiſtance 
it muſt give. l 

But the Maſs of Bodies does not depend on their 
Denſity alone, but alſo on their Magnitude. For, 
a Pint of Water weighs more than half a Pint of the 
ſame Water. So that the ſame Medium, in like 
Circumſtances, reſiſts in Proportion to the Quantity 
that is diſplaced; and this Quantity ſouſd be 
meaſured by the anterior Surface of the Body in Mo- 
tion, and by the Space, which we make it paſi 
through, If I divide the Air or Water by the Palm 


of my Hand, L * 
„ 


358 Tales in Euperixeerital Philoſophy, 
than if I divided them in an equal time by tie Edge 

of niy Hand * 2 en 

as: 
+» Tun Mag of this Portion of the Medivin tots 
3 being determined by it's Denſity, and by 

the Magnitude of the ſolid Surface that puſhes it'; | 

muſt be fo alſo by the Velocity of the Body, Fork 

is eaſy to conceive, if I make my Hand to move in 

the Water the Length of two Feet in a Second, I 
ſhall diſplace -a greater Quantity of the Fluid, than 
if in the ſame Time my Hand had only moved the 
Space of one Foot. But a greater Quantity of Water 
makes a greater Maſs, which has a greater Reſiſt- 
/ _ ance; and the Inactivity has a greater Velocity to 
oppoſe, as it oppoſed itſelf to the firſt Degree, which 
we made the yielding Fluid to aſſume. The follow- 
ing Experiments will prove what we have now ad- 
vanced, concerning the Reſiftance of Mediums, anid 
will clear up _ we Have * en them. — 


EXPERIMENT I 


PREPARATION. 


I ig 3 

A xrwp of a Tough or Tray i is divided into two 
6s Dans; by a Partition, which reaches from End 
End; fo that Water may be put on one Side, ani 
the ather Side is left full of Air only. A Pillas with 
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che Partitions: en which are ſulpended two equal 
gods; and at the Ends of theſe are faſtened two Ball 
of Metal, which are alike both in Weight and Vo- 
ume, and which when put in Motion may paſa and 
ſepaſt, each im tis un apy . mn 
_— yy 25) > f 299101 
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Tas s deyart cach at the * with 
equal Quantities of Motion; that, which moves in 
the Water, - loſes it's whole Velocity in 4 or 5 Se 
conds : Whereas the other,, whoſe Vibrations are 
made in that Part of the Trough, which contains 
only Air, preſerves. it's Motion for long Time, and 
does not entirely loſe it till after a very great Number 
of Vibrations. 

. | 

1 EXPLANATIONS. 

Tu two Balls being of the fame Moral, and 
boring equal Volumes, as is already ſuppoſed, will 
nectſſarily have equal Maſſes : And when they begin 
todeſcribe like Arches at the Ends of the two equal 
Rod, their Velocities are alſo equal, as we ſhall ſhew 
alterwards.. Wherefore fince their Motion is to be 
meaſured by cheir ner and Velocitics, che two 
Balls in our to mave with an 
equal Quantity of Motion. At the firſt” Inſtant 
uch of them removes an equal Volume of it's 
apetive Fla Bur the Volume of Water removed 


258 by 
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dy F is about 800 Times denſer than the Air git. 

placed by G. Theſe two Bodies therefore have 
exerted their Forces upon very unequal Reſiſtances, 
fince they are in the Ratio of 1 to 800: Thus the 

Ball F could not go on till it had conſumed a Part of 
it's Force, which is 800 Times greater than what the 
Ball G loſes of it's Force. And what is done in the 
firſt Inſtant begins again in the next; and the Ve. 
locities of the two Bodies diminiſh in ſuch Manner, 
that their Difference is nearly proportional to that of 
the Denſity of the Mediums; till at laſt they are both 
ARE to a — 2 2 


41 2 


APPLICATIONS. 


Six Iſaac Newton has demonſtrated, that if z 
ſpherical Body moves in a Medium at Reſt, the Den- 
ſity of which is equal to it's own; it would loſe half 

it's Motion before it had deſcribed a Space equal in 
Length to two of it's Diameters. If we do but te- 
collect the Principles before eſtabliſned, and which 
we have now confirmed by the foregoing Experi- 
ment, we ſhall eaſily conceive how to reduce to an 
exact Calculation, the Reſiſtance that a Fluid can 
make to the Motion of a ſolid Body immerſed there 
in. For, ſuppoſe it to be a Ball of Gold, which moves 
in Water in a Right - Line ;\ what it diſplaces-is equi- 
valent to a Cylinder, the Baſe of which has ſor tie 
N —— that of the * 
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Aris the Line deſcribed by it's Centre. The 
tes of Gold and of Water are ktidwn'; mus al 
known what is the Relation of a Sphere to u Oy linder, 
of a Diameter and Altitude given. All theſe Quans 
tities being therefore known, we may judge of the 
Reſiſtance that the Water makes to the Ball, while 
it deſctibes ſuch or ſuch a Space. And by comparing 
what it has loſt of it's Velocity to what it had when 
it began to move, we map ene ſtill remains 
to it. 

Wr bave already aid, thaw eMMante the Re- 
Gſtance of Fluids, it is neceſſary co have Regard to 
the Velocity of the moving Body. Thete is no 
Medium ſo eaſy to divide, but that it requires ſome 
determinate Time to give way. We generally find 
this Time to be very ſhort, becauſe the Velocities 
we make Uſe of for this Purpoſe are not very great. 
And the Compariſon: that we malte of the Time 
employed againſt; them, to that in which they be- 
come obedient, makes us embrace this Sentiment. 
Effects which we cannot explain, but in ſuppoſing, 
that we have not given the Fluid Time to give . 
Why, for Inſtance, do the Strokes of the Ours make 
a Boat go forwards? And why do they not make it 
go forward ſo much the faſter, the quicker and more 
frequent they are ?-* Tis becauſe when the Water is 
ſtruck quicker than it can give way, by this Slows 
eſs of Obedience it becomes the Fulcrum of à Ltaver, 
Which the Waterman makes to act. The Fiſh do 


4. ſame thing with their Tails as the Water tam does 
VOL I. L. : with 


162 Lefhures in Experiments! Philoſophy, 
with: bis Oars 3 the Swimmer with his Arms, uf 
Legs z and Water-Fowl with their Feet, which fr 
this Purpoſe are formed in a Manner fit ogg * 
n u of Water. | 


'BXPERIMENT, 1. 


Pasranarien- 


- Tre Fig. 3 HI repreſentsa Piece of Clock - Wok | 
che Moderator of which is a Fly with two Wingz, 
A, 2. The Spring is wound up with a Key, and 
the Piece K is a Leaver, which moves from left to 
richt, and from right to left, to make the Whee- 
Work play, or to ſtop it's Motion. This Inſtru- 
ment is ſet upon the Plate of an Alr- Pump, which 
we have repreſented intire in Ng. x. of the ſecond 
Lecture. Then it is covered with a Glaſs- Roceivet, 
ſurniſhed above with a Stem of Metal L., which 
paſſes through a Copper - Ferril, full of greaſy Piects 
.of Leather, and by which one may move the Leaver 
K, without letting in the Air, after a Vacuum is made 


* — . —_T 
in the Receiver. See Fig. 5. 
4 ; pf! I. 18 5 ' 4 
, Err * | #4 » 3 1 : 45 S i 


Ui: AM 
War the Wheel - Wolle is made to bon in dhe 
Vaguum, one may perceive by the Frequency af de 
nnen 
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Bell, that the Motion of the Wheel - Work is much 
more free, than when the — A | 

rn OY | | 


*. © — — 


; PxXPLANAT-IONS. 


WrarT is commonly called Boyle's Vacuum. is no- 
thing elſe but a Space, wherein the Air is rarified as 
much as poſlible, by means of a pneumatic Engine, 
which this Zng!iþ Philoſopher has fnuch im 
But we ſhall make it appear, and all Naturaliſts are 
agreed in it, that this Vacuum is only a Medium of 
leſs Denſity, than that in which we ſee the 

Part, of Bodies to move. In neither of theſe to 
Mediums, that is in the common Air or in the ra- 
rified Air, the Wheel - Work bas a compleat Liberty 
becauſe independently of theſe other Cauſes, the Fly 
has always ſome Reſiſtance to overcome, that it may 
move in the Fluid that ſurfounds it. The Reſiſtance 
of this Fluid is proportional to it's Denſity. And 
for this Reaſon, in an Air that is Teſs denſe, the Mo- 
derator being leſs diſturbed itſelf, gives more Liberty 

to the Wheels, and therefore procures a greater Fre- 
quency of ftriking to the Hammers. 


APPLICATIONS. 


We ſce by this Experiment, that the Air is a re- 
fiſting Medium, and in Regard to Bodies in Motion 
Et other Fluids z only being much leſs denſe 

Ws: than 
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than the moſt of them, it gives leſs Reſiſtance when 
other Circumſtances are the ſame. Wherefore to 


find a Point of Support in it's Reſiſtance, as we have 


ſeen it is to be found in that of the Water, it muſt 
be ſtruck with much more Swiftneſs, or elſe a greater 
Quantity of it muſt be puſhed at the ſame Time. 
The Birds raiſe themſelves, ſupport themſelves, and 
make long Flights in the Air, notwithſtanding the 
Weight of their Bodies, which always confiderably 
exceeds that of the Medium in which they are con- 
verſant, Thoſe which fly for a long Time, and very 
far, as the Swallows, the greateſt Part of Birds of 
Prey, many of the Water-Fowls, &c. have generally 
but little Bodies, many Feathers, and large Wings. 
On the contrary thoſe of a ſhorter Flight or leſs 
frequent, have commonly more Fleſh and leſs Wings 
in Proportion. But, if we take Notice of it, we may 
obſerve, that theſe beat their Wings oftener than the 
other in flying. Sparrows, Chaffinches, Goldfinches, 
ae Sc. fly as it were by Starts, and do not 
upport themſelves long in the ſame Direction. Their 
Wings cannot raiſe and ſuſtain their Bodies, but bß 
a Velocity, which they can hardly hold out for many 
Moments. While they reſt in order to begin again, 
their own Weight gains upon them, and makes them 
loſe a Part of that Elevation they had obtained be- 


fore: So that their Flight is only a Succeſſion of Jerks 
and Starts. 


"Turns are Birds Which ſupport themſelves for . 


ſome Time at the ſame Height, without ſeeming to 
Qt 4 wy 
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move their Wings, which they call planing- We 
ought to ſuppoſe however that they move them, but 
that their Vibrations are ſo quick and ſo ſhort; that 
we cannot perceive them at a certain Diſtance. The 
oreat Swiftneſs of this Motion may ſapply for ſome 
Time, inſtead of thoſe beatings of the Wings which 
are more diſcernible. "And it is alſo obſerved; that 
the planing Birds are obliged from Time to Time, 
to regain that Height by a Flight-in the common 
way, which they have inſenſibly loſt, and by ſlower 
and more - extenſive Motions to. repoſe, as we may 
ſay, the Muſcles whoſe Spring has been too much 
ſtretched, during theſe ſhort and frequent Vibra». 
tions. 

Br this we ſee why Domeſtick Birds, or thoſe 
which grow very fat at certain Seaſons, fly ſo little 
and ſo clumſily. As they increaſe in Bulk, their 
Wings alſo ſhould grow larger, to encompaſs a 
greater Volume of Air: Or their Strength ſhould in- 
creaſe in Proportion, ta make them act with more 
Velocity. But the Degree of Strength, and the 
Conformation in every Species, are not variable with 
their Corpulency. | 

LzT us now compare the Weight of a Man, with 
the Strength which he ought to have in his Arms, to 
be able to move Wings of an Extent proportioned'to 
his Maſs, with a Velocity capable of ſupporting him 
in the Air; and then we ſhall ſee how great was the; 
Folly of thoſe, who have been contriving Means to 
fly, and have looked upon it as a thing poſſible. It 
Hi a vain W to thiak, that nothing is wanting 

L 3 but 
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but Dexterity and Exerciſe. It would be taſy.to, 
ſhew, that the Arms of the ſtrangeſt and moſt ative. 


| Man are not capable of ſuch à continued ane 
* e Wee Effect. 


vv 
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BXPERIMENT m. 


| PR E PARATION. 


ni Inſtrument e! in „ Ex 7. T «double 
Mill, each of which has the ſame Number of Sails, 
of the ſame Weight, and of the ſame Length and 
Breadth ; only with this Difference, that in one of 
the two the Plain of every Sail can be inclined to the 
Axis in any Manner we pleaſe. the ſame Spring, 
which unbends when we let down a Button to be ſeen 
at M, equally puſhes againſt two little Broches N, N, 
Which are fixed to the Naves of the Mills. Thus 
vhen both comply with this common Impulſe, they 
begin to move with equal Velocities. 


* 4 EFFECTS. 


_ W ale Sails of the little Mills aro in a like pod 
in Neſpect of their Axes 3 for Example, if in each 
Axis, the Motion impreſſed by the Spring continue 
equal in both; they make a like Number of Turns, 
and ceaſe to move at the ſame Time. On the can: 
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trary ; if in one of che ewp Mills, the Breudiꝶ ef the 
Sails falls upon the A xis at right Angles: or, which: 
is the ſame thing, if their Plains are all found im 
that of the ſame Circle; then the ſume Ipulſe 
makes this turn much mana 
Time than the other.. 


1020 | "$102 
ExPLANATIONS.// + | 7 


Ix the firſt Caſe of the foregoing Experiment, the. 
ſails of each Mill preſent their Faces to the common 
Medium, which they muſt diſplace in order to move. 
They are ſuppoſed not to differ in any Circumſtance, , 
they find then equal Reſiſtances in the ſame Time, 
conſequently they loſe equal Quantities of Force in. 
the ſame Inſtants. When the Velocity is deſtroyed 
in one of the Mills, it will alſo be deſtroyed in the 
other. Quite on the contrary in the ſecond Caſe, 
one of the two Mills preſents it's Sails edge · wiſe z 
in this Poſition they are only thin Plates, which 
eaſily divide the Air, and which find much leſs Re- 
ſiſtance from it, ſince the Quantity that is to be re- 
moved is much leſs. Therefore that which in equal | 
Times loſes leſs Force, muſt turn ſwifter and o_ 
longer than the other. 


APPLICATIONS. 


Ems laſt Experiment ſhews, that the fame Maſs: 
meer with different Reſiſtances- in the ſame 
L4 Medium, 
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Medium, according as it preſents directly to it a 
greater or a leſſer Surface. The Boatman makes hie 
Oar to ad on the flat Side, when he ſeeks a Point 
of Support in the Reſiſtanee of the Water: But he 
lifts it out by the Edge, that he may have leſa 
| Trouble, when he intends to put himſelf 1 in a Con- 
dition to renew his Labour. 

Tis for the ſame Reaſon, that a Body generally 
preſcrves it's Motion better when it is entire, than 
when it is divided. For Diviſion multiplies Syr- 
faces, and conſequently the Reſiſtance of the Medium. 
When an Ounce of Lead comes out of a Gun under. 
any Quantity of Surface whatever, the Impulſe of 
the Powder which determines the Velocity is the 
fame.” Yet every one knows, that a Bullet is always 
carried much farther than a like Quantity of Lead in 
Shot. This Difference proceeds from the Reſiſt- 
ance of the Air, which acts i in the Ratio of the Sur- 
faces. For every little Grain or Shot, as well as the 
Bullet, always preſents to the Air, which it divides, 
half of it's ſpherical Superficies z and the Weights 
beirig equal; the Sum of the little hemiſpherical 
Surfaces of the Shot much exceeds that of one 
Bullet. 

As it often happens, that we do not take ſufficient 
Notice of the Reſiſtance of the Medium, ſo ſome» 
times our Prejudices aſcribe more to it than it really 
has. Who is it that has not heard, for Example, 
that a Gun diſcharged upon the Water, or from one 
Side of a River or Pond to the other, will not carry 
5 1 8 ſo, far as in * Place? The Reaſon 

which 
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which is given for it, by ſaying that the Vapour from 
the Water thickens the Air, has ſomething like 
Truth. But it is imputing too much to it, when we: 
aſcribe ſenſible Effects to this ĩimaginary thickening. 
of the Air. The Experiment aforegoing has ſnewn 
us, that we cannot conſiderably. vary it's Reſiſtance, : 
unleſs we create conſiderable Differences in it's Den- 
fry. And the Tryals that I have often repeated 
with Care have convinced me; that the Fact in Que- 

ſtion is at leaſt an Exaggeration; If any one has ap- 
prehended, that being on the Water he could not 
reach ſuch Objects as elſewhere he might hate done, 

'tis becauſe he was miſtaken in the Diſtance, which 
always appears leſs to us when we ſee nothing but an 
uniform Extent, wherein we find no Objects to afliſt; 
us in eſtimating it, ſo that it cannot be ſurprizing if 
ve have failed in killing a Bird at 60 Paces from us, 
when we imagined it was but 50. Now the Den- 
ſity of the Medium, augmented by a Vapour from. 
the Water, could have but little ſhare In this; 


Effect. | 
HiTHzRTo.) we ** oonſidered the any as 


calm and at Reſt. But if it is agitated, it's Reſiſtance. 
may be encreaſed or diminiſhed by it's own Motion. 
The Fiſh that ſwims againſt the Current of a River 
has two Reſiſtances to overcome. One i 1s the Mo- 
tion of the Water, the Direction of which i is contrary. 
to his own, The other is the Inactivity of the Vo- 
lume of Water anſwering to his own, and which he 
muſt remove as if it were ſtanding Water. A Man 
dat walks againſt.'zhe Wind does the ſame thing. 
I And 
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d or this Reaſon, that when we make a Body 
« — the Direct ion of a Fluid, the Mo- 
tion of which is rapid, we diminiſh it's Volume a; 
th as poſſible, that the Strength of the Current 
m — over it. A Ship chat hau 
aw Vind againſt it, furls it's Sails. And in a like 
1 wy Waterman makes his Paſſengers to fit 
z/ white he carries them over a River. | 
a In the Body and the Fluid, which ſerves as a Me- 
dium td it, both move in the ſame Direction, either 
they huve equal Velocities, or one has more than the 
other. In the firſt Caſe the Reſiſtance of the Me- 
diom is none at all. Such is the Motion of a Fiſh, 
which exactly follows the Current of the Water. In 
tke latter: Cafe; that of the two which. has the moſt 
velocity communicates ſome of ir to the other, at the 
Empenſe' of that which has it. A Cannon-Ball which 
is diſcharged\ in the Direction of the Wind, does 
not ſind ſo much Reſiſtance in the Air, as it would 
in calm Weather. But as it moves ſwifter than the 
Wind, it muſt always open itſelf a Paſſage in this 
Wediam, which flies before it but with tod much 
Slownefs. If we know by the Rules before laid down, 
what would be the Reſiſtance of a Medium which i 
at Reſt; we may alſo know, what it's Degree of 
Velocity 'fbr or againſt, . fo, or takes ab 1 
this Refiſtance, "NY 
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ould be obſerved, that the MA of _ 
whatever is never perfectly plain or ſmooth. For 
tho! we ſhould ſuppoſe, that all the folid Parts which 
compoſe it, are exaRtly in the ſame Plain, (and 
when will that be found?) the Pores which ſeparate 
them, would ſtill oblige. us to. conceive--this Super- 
fcies, as an Aſſemblage. of little Emipencies - 
Cavities, - Let us ſuppoſe. that two Plaina of this 
Kind touch, one another through their whole Extent; 
the prominent Parts of one will enter into the-hallow 
Parts of the other, nearly as it happens to a Cuſhion 
covered with Velvet, Placed. upon a Table cavered 
with the ſame. Or, if it he a ſalid Body, which. we 
Punge! into a Fluid, this in Conſequence of it's Te- 
nuity and the Fluidity of it's Parts, Glls exaRily the 
Cavities. of the other, as one may obſerve by the 
Wetneſs it retains after it is taken out ain. 

Naw we are to confider,, that when we. make. ane 
Body to run oyer the Surface of another Body, this 
may be done in two different Manners, which it is 
waar well "to Giſtinguith. For firſt we may 


apply 
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apply ſucceſſively the ſame Parts of one, to different 
Parts of the other; as when we make a Book, for 
Inſtance, toiflide along a Tahle. And this we will 
call a Friction of the firſt Kind. Secondly, we may 
make different Parts of one Surface ſucceſlively to 
tuch che Uiffetent” Parts of the other; as "when 
we make a Ball to rell upon a- Billiard-Table 


And this we will call a Friction of the ſecond 
ind. 


I the firſt Caſe the Motion we give to that of the 
tho Bodies, which paſſes” over the other, has a Di. 
ron Perpendicular to that, according to which 
the Parts of the Surfaces are mutually engaged. For, 
according to our Suppoſition, the Surface, which we' 
make to flide horizontally, is that of a heavy Body, 

ich it's Weight ſupports vertically on the Table, 

ind this Kind of Friction often occaſions the break» 
ing of thoſe | little Eminencies, which form the 
Roughtels of a Superficies. This may be obſerved 

by the Pult, which is produced by two Marbles, or 
by two Pieces of fawn Wood, which are rubbed one 
againſt another with ſome Violence. 
| In the ſecond Caſe theſe ſame Parts, that are en 
gaged quit one another, almoſt as the Teeth of tuo 
Wheels of a Watch, when they roll one over al- 
other. Tf it happens that they quit with Difficulty, 
tis becauſe there is a Diſproportion between the pro- 
tuberant Parts and the Hollows that receive them, 
But this laſt Kind of Friction is never fo 1227 8 
the other, to tetatd NMorion. 
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Taz Cuſtom of dragging the Wheels of Carriages 
when the Deſcent is too ſteep, furniſhes us with 4 
familiar Example of the different Effects of theſe two 
Kinds of Friction. When they are afraid that a Coach 
or Waggon ſhould hurry too faſt down à Hill, they 
hinder the Wheels from turning round their Axis. 
Then the fame Point of the Circumftrence daß 
ſucceſſively upon a Number of Points on the Ground 
This is a Friction of the firſt Kind, which very con- 
ſderably reſiſts the Motion of the Carriage It is 
not ſo when every Wheel turns in the uſual Manner 
about it's Axis; for then it expoſes it's different Parts 
to the Plain it is to run over. It's Friction, 2 to 
the Circumference, is only one of the ſecond Kind. 
and it's Motion is much more free; perhaps too 
much fo, if it was aſſiſted by too ſteep a Deſcent. 
IT is not ſo eaſy to eſtimate the Reſiſtance that pro - 
ceeds from Attrition, as that of Mediums, conſider - 
ed in Reſpect of their Denſity, and of the Volume 
and Velocity of the Body which removes them. The 
ſucceſſive Paſſage of one Surface over another is ſo much 
the more retarded, the more Inequalities each of them 
have, But this more or leſ may be varied ad infinitum, 
not only by the Nature of the Bodies, but alſo from the 
Degree of Perfection they may receive from Att. A 
Workman can never ſay, that he has poliſhed-alike 
two Pieces of the ſame Wood, or of the ſame Meta};. 
or of the ſane Stone, Cc. And tho' he hab a certain 
Rule to aſſure himſelf of it, we cannot reckon upon 
the Continuance of this State- All Matters Wear 
away and change by little und little, and” rheſe 
(i; ® Accidents, 


170 Aer ROO. 
Accidents; of which. hardly any Eſtimatidh cu be 
made, ſometimes increaſe, but oftener leſſen: we po 
liſh and Smoothneſs of Surfaces, J 
TIE (other Quantities which enter ioevithe Val 
ation of Friction, ſuch as che Magnitude of Surface, 
the Preſſure they have upon one another, and theit 
Degrees of Velocities, are things that it is more ealy 
to meaſure; but as their Value has a Relation to the 
actual State of the Surfaces, there will always remaij 
much yncertainty in the Eſtimation of the Reſiſtances 
that reſult therefrom. We muſt commonly be con · 
tented with an Approximation, which often is none; 
by ſuppoſing a third Part of the Power or of the 
Motion, communicated to a Machine, is made Uſe 
of to overcome the Attrition. But it is plain that this 
muſt be underſtood of a Machine in the great, and 
that it muſt have a great deal of Variety, accoftiing 
to it's Degree of Simplicity, and according to the 
Perfection of the Pieces that compoſe it. 

So Philoſophers® have pretended, that the 
Magnitude of the Surfaces went for nothing in the 
Friction, and that we need only to take Account of 
the Degree of Preſſure. A Body, ſay they, which 
* has more Breadth than Thickneſs, ought not to 
make more Reſiſtance when it is drawn on it" 
* greateft' Surface, than when it rubs on it's nar- 
5 roweft Side. Becauſe the Preflure which proceeds 
. from ifs Weighs being the ſame in either cus f 
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in the firſt more Parts are engaged,: they.agetleſs 
deeply engaged than in the ſecond .. tel 
Taxis way of reaſoning. which would nat be con- 
cluſive alone, and to which ſeveral others might be 
oppoſed ®, has been ſupported by ſome veryingegions 
Experiments, which ſeemingly were very :fayourable 
to the Opinion here laid down. But in a Matter like 
this, wherein we cannot draw - general-Concluſions 
from particular Inſtances, we muſt be determined by 
what happens moſt commonly. Repeated Trials 
have almoſt always proved to me, as likewiſe:to 
Mr Muſchenbrock who has made many of this Kind, 
that the Surfaces muſt be reckoned as ſomething, 'tho* 
much leſs than the Preſſures. As to the. Ratios of 
each of them to the Effects, I have found. nothing 
uniform enough, to lay it down as 8 — 
an exact Theory. A of un Jen 
BISsI DRS the Preſſure * the —— 
Surfaces, we ought likewiſe to admit the Velocity 
into the Valuation of the Friction. For as this Kind 
of Reſiſtance proceeds from entangled Parts, which 
muſt either be broken, or which elſe cannot be diſ- 
engaged, but by making the Preſſure to give way, 
which keeps the Surfaces applied to each other; it is 
plain, that the Sum of the Refiſtances ought to be ſo 
much the greater, the more way the rubbing Body 
ha to make in @ given Time. For then the en- 
tangled Parts muſt be broken. in greater Numbers, 
or muſt engage ns BEE * 


. . of And. of Leno, far 1794- 2-498, bs 
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Bur there is a thing here very remarkable, Which 
is, that this Augmentation of Reſiſtance, which pro- 
ceeds from the Velocity with which the Surfaces tub 
one another, has it's Limits and Boundaries," beyond 
which one may accelerate. the Motion, without 
making the Friction become more - conſiderable. 
Thus one may ſay in a Manner, that by increaſing 
the Cauſe we do not increaſe the Effect; a Paradex 
which deſerves explaining. , 


Lr us ſuppoſe that DE and FG, Er 8. re 
— two Surfaces of hard Bodies, of which the 
inſenſible Inequalities are ſunk into one another; 
that the Preſſure which. joins them, acts according 
to the Direction A B, perpendicular to that of the 
Motion, which makes. the two Bodies to ſlide upon 
one another. We ſee plainly that the upper one can- 
not move in the Direction B C; except it's moſt 
elevated Parts e, J, g, b, diſengage themſelves from 
the Hollows into which they are ſunk, which cannot 
be done unleſs the whole Body D E is lifted up, 
againſt the Effort of it's Preſſure. If this Preſſure is 
great enough to make the Parts diſengaged to fall 
into the Cavities, which immediately follow thoſe 
that have been quitted; that is to ſay,” if the Part: 
vhich came out of 1 ſhould fall into 2, or into 3, &c. 
it is plain that the Effort which was made to raiſe the 
Body D E, or (which is the ſame thing, ) to diſen - 
gage the Parts, muſt be repeated as often as thete 
are ſuch little Elevations in the Surface FG. And 
the farther the rubbing Body ſhall advance in a given 


— upon that to which it is applied, che 718 
th 
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theſe riſings and fallings muſt take Place. Thus the 
Reſiſtance of the Friction increaſes with the Velocity, 
as long as this Velocity does not hinder the high Parts 
of one Surface, to lodge themſelves ſucceſſively in the 
low Parts of the other Surface, in the Manner here 
explained. 

Bur it may happen, that the Motion which is 
made according to the Direction B C may be fo 
rapid, that when the Protuberances e, F, g., B, have 
been diſengaged, they may be drawn forward a con- 
fiderable Length before the Preſſure has Time to 
engage them a-new. That the Part e, for Example, 
having quitted 1, or the firſt hollow Part of the 
Surface F G, inſtead of falling into 2, the next Hol- 
low, it may be tranſported to 3 or 43 and then it is 
eaſy to conceive, that the rubbing Body D E may 
run over twice or thrice as much Surface upon F G, 
yet without having it's Parts more frequently en- 


gaged. 

Taz Experiments I ſhall now produce will ſhew, 
what appears to me of greater Certainty in the Buſineſs 
of Friction. Firſt, that the firſt Kind of Friction 
makes much more Reſiſtance to Motion than the 
ſecond Kind, Secondly, that the Friction increaſes 


with the Increaſe of the Surfaces, all other things be- 
ing alike, Thirdly, that Preſſure alſo makes the Re- 
liſtance of Friction to increaſe, of whatever Kind it 
may be. Laſtly, that with equal Proportions: the 
Reſiſtance of Friction increaſes more e g by 
Preſſure than by the Surfaces. 


vol. I. M EXPE. 
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EXPERIMENT I. 


PREPARATION. 


| F16. 9. repreſents an Inſtrument compoſed (firſt) 
of four Rollers 1, 2, 3, 4, ſuſpended by very fine 
Pivots on two double Frames P, P. And (ſecondly) 
of another Roller greater than the foregoing, the 
Axis of which O O through it's whole Length is 
about 23 Lines Diameter, and is terminated by two 
Steel Pivots, which turn within two Skrews QQ. 
boared in their Length, or elſe upon the two Inter. 
ſections of the two Pair of Rollers. A ſpiral Spring 
fixt at one End to one of the double Frames, and at 
the other to the Axis of this. laſt Roller, makes it 
turn alternately both ways. And the Duration of 
the Motion of the Roller is reckoned by the Number 
of the Vibrations of the Spring. It is compoſed 
(thirdly) of a Piece R, which is repreſented by itſelf, 
' Fig. 10. which reſts upon the Axis of the Roller, 
ſometimes by one Surface s, ſometimes by the two 
others , 1, which are like 5s, at the End of which i; 
faſtened one or moreWeights, to increaſe the Preſſure 
upon the Axis. When the Spring is bent, the Ler- 
ver U is brought near, to ſupport one of the Croſs 
Bars of the great Roller, that we may be aſſured of 


the Degree of Tenſion, and to . it with Ex- 
acnels. 


— 


Ar 
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AT firſt the Pivots of the Roller are put into the 
Holes of the Skrews QQ, and afterwards they are 
made to reſt upon the Interſections of the Rollers, 
without loading the Axis with the Piece R. And in 
both the Trials care is taken, that the Spring may 
have an equal Tenſion, 


EFFECTS. 


Taz Spring being ſuffered to unwind, if in the 
firſt Caſe are counted. 29 or 30 Vibrations before the 
Motion Stops entirely ; in the ſecond will be count- 
ed about 400, each of which continues for near a 
Second. | 


EXPLANATIONS. 


Taz foregoing Experiment, confidered in the two 
Facts, which they are brought to eſtabliſh, viſibly 
prove that Attrition, of whatever Sort it may be, de- 
ſtroy Motion by a Reſiſtance which differs only ac- 
cording to the Degrees of more or leſs. And they 
ſhew at the ſame Time, that of the two Kinds of At- 
rition which we have before diſtinguiſhed, the firſt 
has much more conſiderable Effects than the other. 
When the Pivots turn in the hollow Skrews, *tis a 
Friction of the firſt Kind; all their cylindrical Surface 
paſſes ſucceſſively over the lower Part of each of the 
Holes. On the contrary, when theſe ſame Pivots by 
their Motion are made to turn the Rollers that bear 
M 2 them 
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them up, it will be only a Friction of the ſecond 
Kind. For then the Circumference of one unfold, 
itſelf only on the Circumference of the others ; the 
Part which touched before touching no longer the 
next Moment, and that Part which went before ſeryes 
it now as a Point of Support, or a Fulcrum, to dif- 
engage itſelf in a favourable Direction; as the Tooth 
of a Wheel, which begins to enter the Pinion, fa- 
vours the Separation of that which entered before, 


APPLICATIONS, 


NoTHinG is ſo common in Motion as the Effects 
of Friction. We find it every where, and it may be 
ſaid in general, that it is the principal Cauſe of the 
Alterations and Wearing, which we may obſerve in | 
all the Works of Art; and eſpecially in thoſe, of 
which we make a frequent Uſe. Our Cloaths, Fur- 
niture, Trinkets, Inſtruments, c. laſt only for a 
certain Time, becauſe the Attrition, to which they 
are continually expoſed, inſenſibly changes their Sur- 
faces and Forms, and make them loſe thoſe Qualities 
which depend thereon. The hardeſt and moſt folid 
Matters cannot hold out againſt long Service, but 

will give Marks of Diminution and Diſſolution. A 
Razor, a Knife, an Axe, . ſoon loſe their fine Edge. 
Even a Plow-ſhare muſt be repaired now and then; 
_and the Horſe, whoſe Foot flips upon the paved 
Stones, leaves there a Mark, which with half an Eye 
we may perceive to be Parts of his Iron Shoe, * 


the Friction has left behind. But as nothing in the 
Univerſe is annihilated, all theſe Particles, thus ſe- 
perated from their Maſſes, are mixed with different 
Matters, in which they find one another again, when 
ve think leaſt of it. It has been a Surpriſe to very 
good Natural Philoſophers, to find Iron in Clay, and 
in the Aſhes of Plants; becauſe they did not enough 
conſider the prodigious Diviſibility of Metals in ge- 
neral, and in particular the continual Diſperſion which 
is made of the Parts of this Metal, as well by the Tools 
which are uſed in the Tillage of the Earth, as by in- 


finite other Uſes, which put it in a Condition of be- 


ing ſcattered every where. Others that were more 
attentive to this great and continual Waſte of Iron- 
Works, have diſcovered this Metal in the Dirt of 
great Cities, and have imputed to it that black Co- 
Jour it has, and of which it is very probably the 
Cauſe. If Gold was in as great plenty as Iron, and 
if as frequent and extenſive Uſe was made of it, it is 
not to be doubted but that we ſhould meet with it 
likewiſe in all Matters, where we ſhould take the 
pains to look for it. But he that ſhould happen to 
find it any where, would he have a Right to ſay that 
he had made Gold ? No more, I think, than he wha 
now finds Iron in Aſhes, can boaſt that he has made 
Iron. Among all thoſe famous Adepts, who have 


enriched the World by their golden Promiſes ; if 


there was any Gold-Maker who was fuch in earneſt, 
was becauſe among that great Variety of Matters 
that paſſed through his Crucible, there mighe be 
found by Chance ſome ſmall Parcell of Gold, which 
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owed nothing more to the Operation of the Artiſt, 
than to have ſcparated it from thoſe foreign Mixture: 
in which it lay concealed, To make Gold after this 
Manner appears to me a very poſſible thing. But! 
doubt much whether enough could be made, to de. 
fray the Charge of the Coals. 

Ir Attrition is hurtful on many Occaſions, ſo 8 
are many others in which it may be uſed to Adyan- 
tage. The Arts have found out Means to turn to 
their Profit, even ſuch things as ſeemed to be moſt 
detrimental to them. A File is nothing elſe but a 
Surface. purpoſely made rough with Points and Edges, 
The rubbing of it upon the hardeſt Subſtances is à 
very convenient Method of forming them to one's 
Mind, by a well managed Diminution of their Vo- 
lumes. Thus this Tool is of great Uſe in a Multi- 
tude of handicraft Trades. The intelligent Work- 
man, that makes Uſe of it, derives different Advan- 
tages from the ſame Means, according to the Mo- 
difications he would introduce. To ſave Time he 
ſometimes uſes a File, the Ruggedneſs of which re- 
quires more of his Strength: Sometimes he chuſes 
one of a finer Cut, to ſoften what the other ſketched 
out in rough: And at laſt, when even the fineſt of his 
Files is not yet fine enough, he anoints it with Oil, 
which retains the Parts of the Metal as they come off; 
by which Means the little Cavities of the Tool are 
filled up, fo that it's Points become ſhorter, and it's 
Surface not ſo rough, 


Waar 
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Wu Ar we ſay about Files ought to be underſtood 
of Grindſtones, and all Whetſtones, which differ not 
ſo much as to the Effect of the Friction, as to their 
greater Hardneſs, 

ComPasSEs, and generally all Inſtruments with 
Joints, which are to remain open or ſhut in different 
Degrees, have commonly the Property of an equal or 
regular Friction; and much Time is ſaved in the 
Uſe of them, when one is not obliged to fix them by 

any other Means; as when they are ſtopt᷑ by aSkrew, . 
or otherwiſe. 

Tu Reſiſtance of Friction is diminiſhed by. 
dawbing the Surfaces with any Fluid or fat Matter. 
We rub with Soap the Edges of a Box, the Cover of 
which ſhuts too cloſe, We oil Hinges to make 
them play eaſily. They greaſe the Inſide of the 

Naves of Wheels. Theſe are ſo many Methods of 
filling up the greater Inequalities of Surfaces, and 
conſequently of making them more ſlippery, and 
fitter to ſlide one over another. Beſides, the Parts 
of theſe Fluids, or of theſe fat Bodies, which are in- 
terpoſed, change the Nature of the Friction. Theß 
are ſo many little Globules which roll between the 
Surfaces, ſerve them as a common Vehicle, and da 
that in little which we ſee done in a more ſenſible» 
Manner, when they put Rollers under a great Stone, 
or under a Piece of Timber, to Wr it che more 
ally from Place to Place. 


M 4 EXPERI- 
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SET ERIMENT IK 
PREPARATION. 


Tur Pivots of the great Roller are made to reſt 
upon the Interſections of the four leſſer, and the 
Spring is bent to the ſame Degree as 1n the foregoing 


Experiment. Firſt we place the Piece R upon the 


Axis of the great Roller by one Surface only 5s, and 
with it's own Weight alone. Then afterwards it is 
turned back, to make it carry the two Surfaces 7, f, 
without increaſing the Weight; and in each Caſe 
the Vibrations are counted, 


EFFECTS. 


Wren the Friction is made by one Surface alone, 
as in the firſt Caſe, there are counted 40 Vibrations. 
When the rubbing Surface is doubled, as in the ſe- 
cond Caſe, there are counted no more. than 29 3; all 
other things being alike, as is here ſuppoſed. 


ö | ; 


EXPLANATIONS. 


THE Inequality of Surfaces being the firſt Cauſe of 
Attrition, it is very natural to think, that by in- 


LEES, r 32322 


/ 
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creaſing the Extent of the rubbed Body, we muſt 
alſo increaſe the Number of theſe Inequalities. If 

any Caſe can be found, in which this does not ſenſibly 
_ it will be an Exception, which is undoubt- 
edly due to the particular Diſpoſition of the Super- 
ficies ; or however when ſo great a Quantity of Mo- 
tion is applied, that the Reſiſtance of Attrition will 
not be conſiderable enough to be meaſured, and con- 
ſequently to be compared. But as in great Machines, 
in which the Attrition will be of much greater Con- 
ſequence than elſewhere, the Pieces always have their 
Surfaces rugged enough ; we think the Quantity of 
their Extent is not to be neglected. Yet we ſee by 
the foregoing Experiment, that the Reſiſtance of 
Friction, tho? partly depending on the Magnitude of 
the Surfaces, does not obſerve it in all it's Propor- 
tions. In one of the two Caſes mentioned, the Su- 
perficies being double, the Friction was not double. 
And it would be very difficult, to ſay no more, to 
determine the Relation of theſe — with a 


given Quantity of Surface, 


APPLICATIONS. 

FzxicT1on, conſidered in reſpect of the rubbing 
Surfaces, retards the Velocity of all Bodies indif- 
ferently, We have juſt now proved it in Solids; and 
we may obſerve every Day, that it is the ſame in re- 
ſpect of Fluids and Liquors, Fountains never riſe 


to the Height they ought, in reſpect of their Quan- 
tity 
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tity of Motion; and Rivers run ſloweſt when the 
Waters are low. 

WATER which is brought through a Pipe, and 
which ſpouts out into the Air, is every where liable 
to Friction. The internal immoveable Surface of 
the Pipe retards it; and when it paſſes into the Air, 
it ought to be conſidered as moving yet in another 
Pipe, the Surface of which does not differ from 
the other, but by the Rarity and Mobility of it's 
Parts. 

Tno' the Surface of a large Pipe is greater than 
that of a narrower, yet it is leſs fo in Relation to it's 
Capacity. For it is a thing demonſtrated, that one 
of two Inches Diameter, (we ſpeak here of round and 
cylindrical Pipes) contains four times more Water 
than one, the Diameter of which is but one Inch; 
and the Circumference of the firſt is but twice as big 
again as that of the laſt, We ſee by this, that in 
ſuch Pipes as theſe, the Friction which proceeds from 
the Surfaces diminiſhes as we increaſe the Capacity. 
For if the Volume of Water, which is quadruple in 
the larger, was contained in four Pipes like to the 
leſſer, it would anſwer to Surfaces, the Sum of which 
would be double to that which contains it. Expe- 
rience 1s entirely agreeable to this Theory. For the 
more we diminiſh the Capacity of the Pipes in 
Pumps, Aqueducts, Fountains, Ec. the more Re- 
_ tardation we find in the Velocity of the Water. 

*T1s-for the ſame Reaſon, that Rivers are more ra- 
pid at the Time when the Waters are out. The 
Frictions they have to overcome, on account of their 

| | Channels 
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Channels, are then diſtributed to a more conſiderable 


Maſs, and conſequently they give leſs 8 ta 
the Motion of the Fluid. 


EXPERIMENT III. 
PREPARATION. 


Tux Inſtrument being diſpoſed as in the foregoing 
Experiment, the Piece R is made to reſt upon the 
Axis of the great Roller by the Surface S, and the 


little Weight Y is hung to it at X, which doubles 
the Preſſure. 


EFpFECTS. 
ln this laſt Caſe we ſhall count but 21 Vibra- 


tions, tho* the Spring is wound up as in the foregoing 
Trials, 


EXPLANATIONS, 


Tux Weight which is added increaſing the Preſ- 
ſure, makes alſo the Friction to increaſe, For the 
Parts of the Surfaces, which are mutually engaged, 
will fink much farther, and give more Reſiſtance to 
the Motion which endeavours to ſeparate them, We 

ſee 
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ſee by this laſt Experiment, that a double Preſſure 
performs more than a Surface increaſed by it's Half 
For we have ſeen before, that in making two Surfaces 
to rub inſtead of one, the Number of Vibrations was 
diminiſhed but by one fourth Part. And we fee 
now, that in making a double Preſſure there are no 
more than 21 Vibrations inſtead of 40, which is a 
Diminution of almoſt one Half. 


APPLICATIONS. 


_ In great Heats the Motions of Clock - Work are 
ſenſibly weakened. This Accident, which diſturbs 
Pendulums and Watches, commonly depends on ſe- 
veral Cauſes which concur to the ſame Effect. There 
is one to which little Heed is given, which yet de- 
| ſerves to be reckoned among the others. *Tis the 
Friction which increaſes by Preſſure in Proportion as 
the Pieces grow hot. For it is known, and we ſhall 
prove 1t in due time, that Metals as well as all other 
Matters increaſe their Volumes by Heat, as they de- 
creaſe in Magnitude by Cold; the ſame Cauſe dilating 
the Plates makes the Holes narrower, and ſwells the 
Pivots, ſo that by this double Effect, the Friction 
increaſes by Preſſure, and the Motion is ſo much the 
more clogged. 

A Tuxxxx that ſhapes a Piece of Metal between 
two fixt Points, is ſometimes ſurpriſed to find, that 
his Piece reſiſts the Motion of the Bow, after he has 
turned it freely for ſeveral Minutes, *Tis becauſe 

the 
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he Friction is increaſed by the Preſſure, as the Me- 
tal lengthens by heating. And thus the quickeſt and 


moſt uſual Remedy for this, is to wet it with : a . 
Water to cool it. 

Txz Uſefulneſs of Tongs, Pinchers, and ſuch 
Kind of Inſtruments, proceeds only from F n 
increaſed by a ſtrong Preſſure. 

Ir may not be amiſs to obſerve * that and 
Machines which perform their Office well enough in 
little, will not always do the ſame when we come to 
execute them in the great, tho* we obſerve the ſame 
Proportions. This generally proceeds from hence, 
that Attrition in it's increaſe does not follow the 
Proportion of the Surfaces only, but rather that of 
the Preſſure, which is often increaſed with the 
Weight or Solidity of the Pieces. That is, for Ex- 
ample ; if in the Model we have reduced all the Di- 
menſions to an Inch for a Foot, when we conſtruct in 
great, the Rafter which is 12 Feet long and 6 Inches 
ſquare, would weigh 1728 times as much as that 
which repreſents it in little, if it is of the ſame Matter. 
This Conſideration, which cannot be neglected when 
we proceed by Principle, ſometimes will make one 
conclude to the Diſadvantage of a Machine, the Suc- 
ceſs of which might otherwiſe ſeem to be very _ 
even from Experience. itſelf, | 

From all that we have now ſaid and proved, con- 
cerning the Reſiſtance of Mediums and Friction, we 
may draw this Concluſion, that in the natural State 
there can be no mechanical Motion but what is liable 
to * Firſt becauſe a Body can move only in 
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Space, and there is no Place perfectly void of all 
| Matter. Secondly, becauſe a Body, whatever it is, 
cannot exerciſe it's Motion but upon ſome Surface, or 
it muſt be hung on ſome fixt Point, about which it 
is to move. In either of theſe Caſes there will be 
Friction, either upon the Plain, or at the Point of 
Suſpenſion, or in the Medium it muſt paſs through, 
Therefore the Quantity of Motion that will be com- 
municated to it, will neceſſarily be diminiſhed by 
this two-fold Obſtacle. So that to move perpetually 
it muſt acquire new Force at every Inſtant, to repair 
what it muſt neceſſarily loſe. This is contrary to 
that firſt Law of Motion, which requires, that a Body 
ſhould conſtantly keep thatState into which it has been 
put, unleſs this State is changed by ſome new Cauſe. 
Hence it appears to be evidently demonſtrated, that 
there can be no perpetual mechanical Motion in the 
natural State of Things, and that thoſe who ſeek it 
with ſuch Obſtinacy, and multiply Expences in this 
View, loſe all their Time, Trouble, and Charges. 

Ir any one takes for perpetual the Motion of a 
Pendulum, which continues it's equal Vibrations by 
Means of a Spring, or of a Weight, which is to be 
wound up at the End of a certain Time, or of any other 
thing of a like Nature; he does not underſtand the 
State of the Queſtion. For it muſt be underſtood of 
2 Motion once impreſſed, to which nothing muſt be 
added afterwards, but is ſufficient of itſelf to perpe- 
tuate itſelf, The Spring or the Weight, by it's 
conſtant Effort, continually repairs the Degree of 
Velocity that is loſt in the foregoing Inſtant, and 
|; this 
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this Reparation is an Addition + to the - firſt Mo- 
tion. 

Tos who ſuffer themſelves to be SF by 
the InſpeRion of a Machine, or by ſome pretend- 
ed geometrical Demonſtration, on which they ſome- 
times rely, to evince the Diſcovery of à perpetual 
Motion, are either the Dupes of Impoſture, ar bf 
ſome Paralogiſm, which cannot maintain their ground 
againſt thoſe who are better inſtructed. The perpe- 
tual Motion 1s the Philoſopher's Stone of Mechanicks. 
Thoſe that ſplit upon this Rock muſt be meer No- 
yices in this Science, Juſt as an obſtinate Purſuit of 
the Quadrature of the Circle, or of the grand Ope- 
ration, declare a Man to be, in the Judgment of the 
preſent Age, neither a profound Geometrician, nor 
an able Chemiſt, | 
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L E C TU R E IV. 
\ Continuation of the Lows of fene u Motion, 
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SECTION I. 


Of the Cauſes which change the Direttion of 
Motion. 


RAVING fhewn in the laſt Section of 
| = my foregoing Lecture, what it is that 
Is indiſpenſably diminiſhes the Velocity of 

N a moving Body; it now remains to de- 
clare, what are the Cauſes, which change it's Direc- 
tion, when it does not keep that which it had at 
firſt, - Now to do this in an-intelligible Manner, we 


| ſhall begin by ſettling the ſecond and third Law of 


ſimple Motion, upon which depend moſt of thoſe 


things, which we have to deliver about this Matter. 


1 | OR The ſecond 
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e ſecond Law of SIMPLE MOTION. 


Tus Change from more to leſs, or from leſs 10 
' more, which happens to the Motion of any Body, 
is always proportional to the Cauſe which produces 
it, 3 

In a moving Body, the Maſs of which we ſuppoſe 
to be conſtant, there can be no Change but of Velo—- 
city or Direction. To change either of theſe, ſome 
poſitive Force is required, which is not in the Body, 
before the Change, and which it has not the Power 
to give itſelf. When this Force acts, it can operate 
only according to it's Quantity; ſo that we may de- 
termine it's Value from that of it's Efficacy. As a 
Pound of Lead in a Scale has no-more Efficacy than 
the Weight of a Pound, we cannot expect that it's 
Action againſt the other Scale either exceeds or is leſs 
than the like Weight, if the Scales are true. And, 
on the contrary, if this laſt Scale is held in Æquilihrio, 
we may conclude with all Aſſurance, that the Weight 
on the other Side, which is the Cauſe of it, is equal 
to one Pound. | 


| The third Law f SIMPLE MOTION. 


Reaction is equal to Preſſure. 


Warn a Body in Motion, or which has a Ten- 
deney to Motion, acts upon another Body, it com- 
V@L. 1, N preſſes 


— 
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preſſes or ſqueezes it, and reciprocally the latter 
exerciſes an equal Compreſſure upon it. When 1 
thruft the End of my Finger againſt an empty Scale, 
to raiſe a pound Weight in the other Scale, tis the 
ſame thing as If I held the Weight of a Pound upon | 
my Finger to ſuſtain it, Whether a Man on the 
Bank of a River draws his Boat to Shore with 3 
Rope, or whether he fits in his Boat, and drays it 
to the Shore by the Rope there faſtened to a Stake, 
the ſame Effect will follow. For the Reſiſtance or 
the Reaction of the fixt Point, is equal to the Action 
of him that acts againſt it. 
Now we will examine how a Body in Motion 
changes it's Direction, and what Rule it obſerves i in 
this Change. | 
Wren a Body in Motion changes it's Died, 
*tis becauſe it is forced to do it by ſome Obſtacle, 
For according to the firſt Law, it endeavours of | It- 
ſelf to perſevere in it's preſent State. But this Ob- 
ſtacle may be either a fluid Matter in which it opens 
itſelf a Paſſage, or ſome ſolid Body, which oppoſes 
it's whole Maſs to it, becauſe of the Cohefion of it's 
Parts. A Stone thrown into the Water repreſents 
the firſt Caſe to us. A Ball thrown _ a Wall 
is an Example of the ſecond, 
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s ECTION .. 


V. 


Of the Change of DIRECTION, cauſed by the 
meeting of ſome fluid MATTER. 


F the moving Body which we have determined 
| towards ſome certain Point happens to meet ſome 
fluid Matter, or which is as ſuch in reſpe& of itſelf; 
it only paſſes out of one Medium into another. And 
commonly theſe Mediums are not equally penetrable 
by it, either becauſe of the Difference of their Den- 
ities, or for ſome other Cauſe, which we need not 
examine here. This more or leſs Reſiſtance, which 
it finds at entering into the hew Medium, does not 
fail to make it quit it's firſt Direction, as often as it 
enters obliquely. And this Change is called Refrac- 
lion, to give us to underſtand, that the Direction of 
the Body is as it were broken, at the place where the 
two Mediums join, Let us make this plain by a 
Figure, and by ſome Examples. 

SUPPOSE a great Baſon full of Water, the Section 
of which is repreſented by AB C D, Fig. 1. and 
Kone or e bard Body E placed in the Air, and 

N a which 
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which is directed towards the Surface of the Water, 
with Velocity ſufficient to make it enter therein, and 
to make it there continue it's Motion. 

Fox this Effect we can direct the Stone only "0 
two Manners. That is, either according to the per. 
pendicular Line P E, or elſe according to an oblique 
Line taken between PF and CF. For it is plain if 
it ſhould follow CF, or a Line parallel to it, it 
would never enter into the Water, or (which is the 
fame thing) it would not change it's Medium. If 
the Body E comes to the Surface of the Water in the 
Line PF, it would continue to move according to 
FP, and fo it's DireCtion would not | receive any 
Change. FEY 

Bor if it follows an oblique Line as e F, as foon 
as it arrives at F, the Water will become a refrafting 
Medium to it. Inſtead of continuing it's Motion ac- 
cording to F G, it will take a new Direction which 
will be between FG and F A, ſuch for Example as 
F H. That is to ſay, the Stone, or any moving Body 
in general, will ſuffer a Refraction, which Refraction 
will make it withdraw from the Perpendicular Fp, 
more than it would have done if it had continued to 
move according to it's firſt Direction. 
* Tar Refraction would have been made the con- 
trary way, if the Body had paſſed out of a more re- 
ſiſting Medium, into another which ſhould reſiſt leſi 
For Example, if it went out of Water to enter into 
Air. So that if it had deſcribed the Line H F, it 
would not go on according to F R, nor in any other 


between K and C; but the Refraction, which it 
8 & 2! would 
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would ſuffer in F, would determine it to a new Di- 
reftion between K and P, which would make it in- 
cine more towards the Perpendicular PF. 

To remove all Doubt about this Perpendicular, 
which we take here for a Line of Compariſons, when 
we would expreſs which way the Refraction is made; 
it is proper to obſerve, that it has nothing in com- 
mon with the Horizon, but as far as the Surface of 
the refracting Medium is horizontal, as it happens 
when it is a Liquid at Reſt. For it is always the 
Perpendicular to this Surface that we are concerned 
with, whatever Poſition the Medium may have which 
cauſes the Refraction. For Example, if inſtead of 
ſanding Water, ſuch as we ſuppoſed it to be, we 
ſhould chooſe that of a Caſcade, or of a River which 
ſhould have a conſiderable Declivity, in which to 
throw the Stone ; the Perpendicular to which we 
ſhould refer the Direction of the Motion, as well be- 
fore as after it's Entrance into the Water, would be a 
Line inclined to the Horizon. It would be even 
horizontal, if the refracting Surface were vertical. 

Tux Refraction therefore depends on WO Con- 
ditions, without both of which it could not take 
Place, The firſt is, the Obliquity of Incidence on 
the Part of the moving Body. The ſecond is, that 
there muſt be more Reſiſtance in one of the Mediums 
than in the other. We will firſt prove this to be ſo 
in Fact; afterwards we will endeavour to ſhew the 
Cauſe of it, 
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Tur Machine repreſented. i in 1 2. at 21 | Fer 
chore it's Baſe has a Intle Braſs Pipe I, through 
which, is let fall a Ball of Lead of about an Ounce in 

Weight, into a Glaſs Veſſel L, which is 12 or 14 
Inches high, and at the Bottom of which is ſpread 
a little Clay or ſoft Wax, ol the Thickneſs of an 
Inch. 

TREE Ball having, 9 ay Place by this frſ 
Fall, the Veſſel L is filled with Water, and then the 
Bal ley ft focond time. y. <a} 


Errz os. 
Tux Leaden Ball, after this ſecond Fall, will be 


| und in-the ſame n as it had marked out at it's 
20 Ball 


EXPLANATIONS, 


IT appears by this Experiment, that the Ball of 
Lead has always Pore it's firſt Direction, 
| : whether 
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whether it performed it's whole Motion in the Air, 
or whether it fell partly in the Air, and partly in 
the Water, For why ſhould it be turned out of it's 
Direction, if the Obſtacles it met with are always 


expoſed alike to all it's Parts? Or if the Effort of 


it's Gravity, which it complied with, had nothing 
elſe to overcome but Reſiſtances that yielded all to- 


in equal Quantities ? Let us conſider this Bull at dif- 
ferent Moments of it's Fall. 

Fist, while it is yet entirely in the Air this 
Fluid, which. we ſuppoſe at Reft, and of an uniform 
Denſity about the moving Body, does riothing but 
retard it's Velocity. But this Reſiſtance has no In- 
fluence on it's Direction, becauſe | it acts W 
on all Sides. 


SECONDLY, we may ſay the ſame thing, if we 


conſider the Ball at the Time that it plunges itſelf 


into the Water. For the Difficulty that it finds to 
open itſelf-a Paſſage in this Liquid, tho? greater than 
that which it found in the Air, does not hinder it 
from going on towards it's Limit, but only from 
arriving there with as much Velocity, as it would 
have had in a Medium leſs reſiſting. 

LasTty, if we examine what is done during the 
Time that the Ball paſſes out of the Air into the 
Water, and when it is yet partly in one, and partly 
1n the other of theſe two Mediums ; we ſhall eaſily 
conceive, that this Immerſion can alter nothing in 
It's firſt Direction. 


Ng . For 


gether, with the ſame Facility, or which retarded it 


| 
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Fox when the Body M, Fig. 3. deſcends. 
the Line Pp; all the Parts of the Surface deſcribe 
Parallels as NT, 1, and the Reſiſtance of the Me. 
dium is exerciſed upon the whole Hemiſphere NQg, 
When it begins to plunge, the Water reſiſts. direQly 
at O. And as it goes on to fink, the Parts OS, 
a R, RN, and their correſpondent Parts 05, 5r, rn, 
ſucceſlively partake of the Reſiſtance of the new Me- 
dium. But as theſe different Parts from Plains more 
and more oblique one than the other, from O toward 
N on each Side, the Reſiſtance of the Water during 
this partial Immerſian will increaſe by Quantities, 
which proceed continually decreaſing. 
I all this we can perceive no Cauſe which ſhould 
make the Body M loſe it's firſt Direction. In 
Conſequence of it's ſpherical Figure, the Obſtacles 
which it meets at N, R, 8, Cc. are exactly balanced 
by the Reſiſtances which are oppoſite, at the Pari 
u, r, 4, &c. and this Equilibrium always keeps the 
Centre M in the Line Pp, Therefare this Experi- 
ment proves, that an Obliquity of Incidence on the 
Part of the Body, is abſolutely neceſſary for Refrag- 
tion; ſince without this, it will continue it's Motion 
according to it's firſt Direction, although it may 
paſs out of a Medium of leſs Reſiſtance i innen of a 
eur, ' 


— — 
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APPLICATIONS. 


A azavy Body, which it's own Weight cauſes 
to fall into the Water, will be found at the Bottom, 
in a Place which anfwers perpendicularly to that upon 
the Surface, by which it paſſed when it fell. 

Bur firſt, in order to this we muſt ſuppoſe, that 
the Fluid was at Neſt during the Time of the Fall. 
For we know, that if a Body falls into a Stream or a 
Torrent, it is drawn away by the Current, at the 
fame Time that it complies with the Force of Gravity. 
'Tis for this Reaſon, that Men who are drowned in 
running Water, are never found over 2 the 
Place where they fell in. | 

SeconDLY, the Figure of a Body which finks i in- 
a Fluid, contributes much, either to make it keep 
its firſt Direction, or to loſe it, independently of the 
Refraction. For this Figure may be ſuch, as to 
create Inequalities in the Reſiſtances of the ſame 
Fluid. For Example, if inſtead of making a ſphe- 
rical Body fall into Water, ſuch as is ſuppoſed in 
our Experiment, we ſhould make Uſe of an Hemi. 
ſphere, or the like, and it ſhould be directed parallel 
to it's plain Surface; it follows from the Explanation 
we have given above, that this latter moving Body, 
being more ſtopt on one Side than on the other, by 
the Fluid it ſeparates ; becauſe of it's Figure it would 
not keep it's firſt Direction, but would deſcribe a 
Eurve-Line, tho? in a very uniform Medium, 

I | Tis 
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8 Tis a thing which is well confirmed by a frequent 
but ſimple Experiment : As often as we throw a Body 
into the Water kotzontally, that has an Edge, and 
is convex on one Side, ſuch as an Oyſter-Shell, or 
any other like thing; we never ſee it follow the Di- 
rection that has been given it; And if the Convexity 
is turned downwards, we ſhall often obſerve, that 
it riſes into the Air, notwithſtanding the Propenſity 
of it's own Weight. 

Ws. may allo obſerve, that heavy Birds, auch a 
Crows, Pidgeons, &c. when they light on the ground 
_ after a long Flight, they never fail to bend their 
Wings and their Tail, to give themſelves a convex 
Figure below. This neceſſarily directs them in a 
Curve, which is much lengthened, and which breaks 
their Fall. On the contrary. the fame Birds, when 
they-are young, light in a heavy Manner, and often 
kit themſelves againſt the Ground; becauſe they 
dieſtend by a Line which is leſs inclined to the 
Horizon either becauſt they are yet unſkilled to 
cake a Figure which may give them another Direc- 
tion, or becauſe their Feathers are as yet too ſhort, 
or their Limbs are too weak. to allow them to do 
n 2 
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EXPERIMENT l. 
 Pazran&tron. 


ABC, Fig. 4. is a Quarter of a Circle, or 4 
Quadrant, to which is fixt the Barre} of a Gun upon 
the Radius A B, and which is faſtened to a Wall, 
or to ſomething immovable, yet fo as that it may 
turn about the Point B. At 18 or 20 Feet Diſtance 


is Trough or Bathing - Tub, of the Length of 4 or 


5 Feet, and fall of Water, the Surface of which is 
covered witly a Piece of fine Gawſe ſtretched out, or 
with large Sheets of Paper, F is a Frame eovered 
with Gawſe or Paper, which is about 18 Inches high, 
and 1 Foot wide. Fhis Frame is erefted perpendi- 
cularly to the Surface of the Water, and it's Baſe 
D E, which is a pretty heavy Board, is placed upon 
the Edges of the Trough, at a ſufficient Diſtance 
from it's Extremity G. Care maſt: be taken to cover 
the leſſer End G of the Trough with a thick ſmooth 


Deal- Board, to ſecure: it from Accidents, and upon 


which the Mark of a Ball may be perceived. Laſtly 


when every thing is thus diſpoſed, the Gun is 


charged with a ſufficient Quantity of Gun-Powder, 
and. likewiſe with a Bullet of Lead which may fit 
the Barrel as near as. poflible. It is then directed 
. owards-the Point I, ſo that it may make an Angle 

: of 
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of about 30 or 40 Degrees with the Surface of the 
Water. Then it is diſcharged with a Piece of Match 
fixt at a. See the Figure. 


Errors. 


Ar rx the Ball has pierced through the two 
Pieces of Gawſe at I and K, inſtead of continuing 
it's Motion in this Direction to come to L, it will 
hit the Deal-Board at H, according to a Line which 
will make an Angle with the firſt Direction in 
coming from A to K. This is eaſily ſeen by letting 
out the Water of the Trough, and then placing the 
Eye at I. For one may obſerve, that the Point H 
is ſenſibly above the firſt Direction; and that the 
Refraction it has ſuffered at the Point K, by entering 
into the Water, has made it withdraw from the Per- 
pendicular P p, more than it would have done if it 
had continued to move directly to L. 


EXPLANATIONS. 


Tis a Conſequence of the Laws of Motion, that 
2 Body will always incline to that Side where it finds 
the leaſt Reſiſtance. For the Effect being propor- 
tional to it's Cauſe, a Body that meets two Obſtacles 
at the fame Time, muſt ſuffer more from that which 


is the ſtronger, and likewiſe more eaſily overcome 


that which is the weaker, But to overcome an 
Obſtacle 
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Obſtacle. more eaſily, is to beat it back a certain 
Quantity in leſs Time, or to beat it back more in # 
determinate Time, For whatever the Obſtacle may 
be, it never ſenſibly gives way in an indiviſible In- 
ſtant. The weakeſt therefore is that which ſuffers it“ 
ſelf to be overcome in a ſhorter Time. 

Tur Air and the Water, through which the Bul- 
let in our Experiment has paſſed ſucceſſively, one 
after another have been Obſtacles to it's Motion. 
But as long as it was entirely in one or in the other 
of theſe two Mediums, the Reſiſtance being equally 
diſtributed to all the Parts of the anterior Hemi- 
ſphere, as we have ſhewn in our Explanation of the 
foregoing Experiment, it's Direction could undergo 
no Change. The Obſtacles, or the reſiſting Parts of 
the Fluid making an Equilibrium on all Sides, it 
muſt conſtantly perſevere in the Line A K, and after- 
wards i in the Line KH. 

Ir the Equality of the Obſtacles againſt all the 
Parts of the anterior Hemiſphere » op, Fig. 5. keep 
the Body m in it's Direction, as long as it continues 
in one and the fame Medium; it is plain that in 
paſſing obliquely out of Air into Water, this ſame 
Hemiſphere, during the whole Time of it's Immer- 
ſion, meets with Obſtacles that are harder to over- 
come on one Side of it's Surface than on the other, 
The Point R, for Example, coming to touch the 
| Water, finds more Reſiſtance than the Point Q, 
which as yet meets only the Air. So that the Equi- 


librium between the Obſtacles on each Side being 
now broken, the Center M inclines on the weaker 
Side 
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Side, and begins to forſake it's firſt Direction 8 T. 
But as the Difference between the Reſiſtance of Water 
and that of Air, depends chiefly on the Time to be 
employed in repelling each of theſe two Fluids, this 
Difference will increaſe in Proportion as the Velocity 
of the Body decreaſes. For if the Bullet were to te- 
pel the Air and the Water with an infinite Velocity, 
their Reſiſtances being then nothing, or infinitely 
ſmall, there would be no Difference between them. 
Turk RToR the Motion of the Body M grow. 
ing more and more languid, by immerging into the 
Water, muſt feel the Effect of this increaſed Diffe. 
rence, between the Reſiſtance that is made in the 
Part O RP, and that which acts againſt OQN, 
So that the Centre M muſt more and more forſake 
it's firſt Direction, and deſcend through a ſmall 
Curve-Line, the laſt Element of which begins the 
new Direction UX, which the Bullet E 
it's total Immerſion, 1 | 


APPLICATIONS. 


Tax foregoing Experiment leads us naturally to 
an Obſervation, which may be of ſome Uſe to thoſe 
who are deſirous to kill Fiſh in the Water, by ſnoot - 
ing them with a Gun. However good Markſmen 
they may be, they would often fail of their Game, 
if they had no regard to the Refraction which the 
Bullet, muſt ſuffer, at it's Entrance into the Water. 
What we have ſhewn above, proves that they muſt 

ſhoot 
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ſhoot lower than the Object ; hecauſe the Bullet al- 
ways riſes in the Water, when we ſhoot. obliquely. 
Tis true, as we cannot ſhoot hut at a ſmall Depth, 
becauſe of the great Reſiſtance of the Water ; and as 
the Weight of the Lead, when the Velocity is 
weakened, deſtroys 3 Part of the Refraction by 
making it ſink ; and as beſides the Object has ſome 
Extent, which it is intended to hit; it ſeems in Prag- 
tice as if this Change of Direction, which. the Bullet 
meets with at entering the Water, is a 'Matgep of 
ſmall Importance, and ſo may be neglectedd. But we 
ſhould conſider. this, that the Fiſh we would ſhoot is 
ſeen only by the Rays of Light, which proceed from 
it to us, which paſs obliquely out of Water into Air. 
and which therefore being in a State of Refraction, 
do not repreſent the Object to us in it's true Place. 
Add to this (which is more neceſſary to be obſerved) 
that the Refraction of Light is made a contrary way 
do that of other Bodies, as we ſhall ſhew when we 
treat of Opticks : So that the apparent Place of a Fiſh 
is higher than it's real Place. And this gives new 
Strength ta the Reaſon before given, of ſhoating 
lower, tho? we had no — to the ReiraGion of 

the Bullet. 151 

Tu Refrations are more eee 
fluid Mediums, yet we may ſay in general, chat they 
take Place in all Bodies, even in thoſe that are-folid, 
when the Body that penetrates them, moets obliquely 
with Layers of Matter, which are more reſiſting one 
than another. It happbns very often, ſor Example, 


that when we would bora n Beard withis Badkin, "ai 
WI 
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with a ſmall and flexible Needle, that the Iron bends, 

and will not follow the Direction we ftrive to give it. 
Tis becauſe the Point has met obliquely with Part 
that are harder one than another; as is eaſy to ob- 
ſerve in Deal, wherein this Kind of Refractions are 

often met with. For we often find Difficulty 

to drive a Nail in it to one's Mind, * if it 
be long and ſmall. 

Rzrxacriox is ſuſceptible of all Degrees of 
more and leſs. We have ſeen that it is nothing, 
when the Direction of the moving Body is perpendi. 
cular to the Surface of the refracting Medium, It 
begins with the Obliquity of Incidence, and increaſes 
as that increaſes in the ſame Proportion. For the 
Ball which falls along ST, Fg. 5. ſuffers leſs Re- 
fraction than that which is directed according to 54, 
And if we recolle& what has been faid, to give 
Rationale of Refraction in general, we ſhall eaſily 

perceive, even from the Inſpection of the Figure 
alone, that the Cauſe of this Effect increaſes in Pro- 

portion as the Immerſion becomes more oblique, 
For it is plain, the more the Direction is inclined to 
the Surface of the Water, the longer Time the Part 
ORN of the anterior Hemiſphere is in the Air; 
and conſequently, the Reſiſtance made by the Water 
on the Part OR P, will have ſo much the more Ad- 
vantage over that, which acts againſt the correſpond- 
ing Points ON. 
Bur in whatever Degree we conſider the Refrac 
tion, we ſhall always find it proportional to the 
Incidence of the Body, when the Mediums —_— 


4 
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the ſame. And we may judge of it dy comparing 
the Angles of Incidence ACP and BFD, Fx. 6 
with thoſe of Refraction a Cp and + F dztwhich ate 
meaſured by the Lines PA, ap, which are the Sines, 
thereof, For if PA is to ap, as 2 is to 3, the two 
ſimilar Lines DB and 4, which repreſent the Caſe 
of a greater Degree of Refraction, have ſtill the ſame, 
Ratio to each other. te - 

Wr muſt not undertake to Prove this by Enpiti- 
ments; for the Difficulty of directing heavy Bodies 
in Lines that are perfectly ſtrait, and oblique to the 
natural Direction of their Gravity, will not ſuffer us 
to do it. We ſhall find a convenient Place to do 
ſomething of this Kind, when we come to treat of 
Light, which is WEN the Inconvenience above- 
mentioned. + 1 N 
- We ſhall only add, and we tall prove it in Pact 

that when the Incidence arrives at a certain Point of 
Obliquity, the Refraction will be made out of the 
refracting Medium, and which will then be called 
Reflexion. So that, for Example, a Stone or a 
leaden Bullet, inſtead of paſſing out of Air into 
Water, as we have ſeen before, ſhall raiſe itſelf ups 
after having touched the Surface, and form with it 
almoſt the ſame Angle as it made in ee . 


Fig. T- iN 1 mh 
W | , 
bk 1 * . * 8 47 1 


MN (Fg. 7.) muſt make with the Surface of te 


Reflexion ONs: wy — to * of Incidence 
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PREPARATION. 


Tur Quadrant of Fig. 4. muſt be diſpoſed in fuch 
Manner, that the Gun-Bacrel and Line of Direction 


Water NP an Angle of about 5 Degrees; and at the 
ether End of the Trough muſt be placed a Plank of 
oft Woad S, which muſt ſtand perpendicular to the 
the Surface of the Water, and preſent it's Face 
length - wiſe to the Trough. Alſo a Frame of Gawſe 
muſt be placed perpendicular to the Surface of the 
Water, of about a Foot in Length. The Gun be- 
ing charged as before muſt be fired off. 


Err ECTS. - 


Py HE Bullet being come to N, inſtead of entering 
into. the Water, and there ſuffering a Refraction as 
' Be it rebounds from the Point of Contact, and 
goes on to the Plank at S; making it's Angle of 


.MNP. 
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Ex PLANATIORS. 


Ix explaining the Cauſes of Refraction above, we 
have ſnewn, that the Reſiſtance of the Medium 
againſt a Ball that moves in a Right-Line, is exerted 
upon half of the ſpherical Surface NOn, Fig. 3. 
We have alſo ſhewn in explaining the ſecond Expe- 
riment, that when this Hemiſphere comes to touch 
two Mediums at the ſame Time, one of which re- -3 
fiſts more than the other, the whole Body, of which 
it is a Part, inclines moſt on that Side which is 
weakeſt. Whence it follows, that this Deviation muſt 
be ſo much the greater, as the reſiſting Fluids differ 
more from one another, and that the weakeſt of the 
two poſſeſſes the greateſt Part of the Hemiſphere 
PROQN, Fig. 5. The Reſiſtance of the Air is 
very ſmall, or continues but a ſhort Time in Com- 
pariſon of that of the Water. And when the Buller 
is directed according to a Line much inclined, as it is 
in our Experiment; one may eaſily ſee by the Figure, 
that the Part which anſwers to the Air, is much 
greater than that which touches the Water. Thus 
the Exceſs of Reſiſtance on the Part of this latter 
Medium becomes as a fixt Point, which refuſes 
Paſſage to the Body for ſome Time, enough to give 
it Opportunity to continue it's Motion in the Air, 
which gives way to it very readily, 


O 2 H1THERTO 
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HiTHERTO we ſee plainly enough, why the 
Bullet does not enter into the Water, and why it 
finiſhes it's Motion in the Air, after having touched 
the more reſiſting Medium by a very oblique Direc. 
tion. But it muſt be allowed, that what has been 
ſaid is not ſufficient to ſhew, what it is that deter- 
mines it to riſe upwards by another oblique Direction, 
which is found in the ſame Plain as that of it's In- 
cidence, For tho? it muſt finiſh it's Motion in the 
Air, it does not follow from thence that it ſhould be 
obliged to raiſe itſelf up again, after having once de- | 
ſcended. If there were no Cauſe to produce this 
Effect, we could only expect to ſce the Ball ſlide or 
roll upon the Surface of the Water, when it had 
once got to it, and that it continued to have ſufficient 
| Velocity to render the Effect of it's Gravity inſenſible, 
la a Word, all that the Reſiſtance of the Water can 
do, is to hinder the Body from paſſing through it. 
But while we conſider in it only an invincible Ob- 
ſtacle, we do not ſee how it can determine that Body 
to mount, which at the Point of Context ſeems to 
have a Propenſity to deſcend. There is therefore 
ſomething farther to be conſidered, whether it be in 
the Water that reflects, or in the Ball which ſuffers 
this Reflexion, or elſe in both of them, relatively to 
the Circumſtances in which they are found in our Ex- 
periment. But as what paſſes here at the meeting of 
a fluid Surface, in the Caſe of a very oblique Inci- 
dence, happens always when a Body falls upon a 
ſolid Plain at all Inclinations whatever ; we ſhall for- 
bear to examine the Cauſe of it, till we ſpeak of re- 
| flected 
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flected Motion in the following Scction. It is 
enough for us to Mention at preſent, that there may 
be ſuch an Obliquity of Incidence, as that the Surface 
of the Water may have the ſame Effect in Reſpect of 
a Ball of Lead, or any other hard Body, as if it were 
a ſolid and impenetrable Plain. | 


APPLICATIONS. 

Tnz Experiment we have now explained, may 
ſerve as a Caution to thoſe who ſhoot into the Water. 
If they do not ſhoot at a near Diſtance, or from ſome 
Eminence, the Direction of the Ball may become too 
oblique, and therefore may not enter the Water at 
all. So thata Perſon who ſhould think himſelf very 
ſafe on the oppoſite Side of the River, may yet run a 
Riſque of being hurt. And it will always be a pru- 
dent Precaution, not to ſtand in the Plain of Re- 
flexion. In a Sea-Fight how many Cannon-Balls 
may be ſeen to riſe again, after they have touched 
the Sea, and do that by a reflected Motion, which 
they failed of doing by their firſt Direction? 

Bur without going ſo far for- ſuch terrible Ex- 
amples, a Sport among Children, which every Body 
knows by the Name of Ducks and Drakes, will ſhew 
us the ſame thing with leſs Danger. A Stone that is 
a little ſharp at the Edges, and thicker in the Middle, 
if it is ſkimed very obliquely on the Surface of the 
Water, will riſe again at the Point of Contact, for 
Reeves which we have already produced. And if it 

O 3 Vas 
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has received a ſufficient Quantity of Motion, and it's 
own Weight ſhall determine it a- new to an oblique 
Incidence, it gives Occaſion to a new Reflexion; 
and this will often be repeated five or ſix Times | 
ſucceſſively. | 
Sou Experiments which I have made with Care, 
but which I have not yet had Opportunity to make 
in great Work, or not ſufficient to eſtabliſh an ex- 
act and circumſtantial Theory, have already confirm- 
ed me in the Opinion I had entertained, that the 
Surface of the Water does not begin to reflect under 
the fame Angle, or at a like Obliquity with that of 
Incidence, all Sorts of Bodies indifferently. I have 
. obſerved, that a Ball of 6 Lines Diameter entered 
into the Water, when it's Direction made an Angle 
of 6 Degrees with the Surface; when a larger Ball 
at the ſame Incidence was reflected. And I doubt 
not but that Cannon-Balls would do the fame under 
a much greater Angle; and that this varies as the 


Diameters of the Balls vary. The Reſiſtance of the 


Water is ſo much the greater, as the Parts ſtruck 
againſt are in a greater Number. When a ſpherical 
Body falls upon it's Surface, and comes to touch it 
with a conſiderable Motion; we are not to think it 
is done in one Point only, but always in a Segment, 
+ which Segment finds ſo much the more Reſiſtance, 
as it makes a Part of a greater Sphere. For having 
greater Extent with leſs Convexity, it ftrikes more 


directly, and a greater Number of 2 hy, of the 
Water, 


AFTER 
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Ar r R having now examined the Changes which 
happen to the Direction of a moving Body, hen it 
meets an Obſtacle which it can penetrate, or in 
which it can continue it's Motion; let us now ſet 
what may happen to the fame Body, when the Ob- 
ſtacle is a ſolid Body, which refuſes it a Faſage 


through it, 


9 | 


V2 ZN / 


SECTION u. 
Of Refetted MOT I O N 


N the foregoing Seftion we ſuppoſed, that the 
. Obſtacle which endeavoured to change the Di- 
rection of the Body in Motion, was a Matter which 
it could penetrate, and in which it was able to con- 
tinue it's Motion for ſome conſiderable Space, ſo as 
to give Means to obſerye whether it complied with 
a new Determination. Now we ſuppoſe the Ob- 
ſtacle to be invincible, an impenetrable Maſs which 
it cannot remove, nor open itſelf a Way to pals far- 
ther. I ſay, to paſs fartber; for as there is no Mat- 


der which is perfectly hard, and of which the Parts 
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will not yield to a ſufficient Force, when one Body 
ſtrikes againſt another; when even this laſt 9 
diſplaced becauſe of it's Magnitude, there is always 
made ſome Hollowneſs or Sinking at the Place of 
Contact. And if this Sinking is ſuch, as that the 
Body can infinuate itſelf into the Maſs; as when a 
Cannon-Ball enters the Ground, or when a Muſket 
Bullet is diſcharged into Sand, or a Heap of Snow; 
then the Obſtacle thus penetrated becomes a new Me- 
dium, and if there is any Refraction, it will be per- 
formed according to the Laws alrcady eſtabliſhed, . 
Taz Obſtacle, or the Body that is ſtruck, being 
ſuch then as we here ſuppoſe, immoveable as to it's 
whole Maſs, but flexible as to it's Parts; the Que- 
ſtion is to know, How the moving Body will be di- 
rected after the Stroke. a 
Bur before we anſwer this Queſtion, it will be 
neceſſary to examine, Whether the Body that ſtrikes 
will continue it's Motion? For if it is to ſtop with- 
out farther Motion, it would be in vain to ſeek for 
it's Direction. And there are a good many Caſes, 
in which the Obſtacie will reduce it to Reſt, without 
reſtoring any Part of what it will loſe. | 
To fix our Ideas, let us conceive a Ball of Steel 
to be thrown againſt a Wall. And for the greater 
Simplicity, let uz look upon the ſtriking Body as 
perfectly hard, and only conſider the Flexibility of 
the Body that is ſtruck. In the firſt Inſtant of Con- 
tact the Ball will exert, againſt a very ſmall Space of 
the Stone , which it hits, an Effort which will be as 
it's Maſs and it's n Velocity. This ſmall Num- 
ber 
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ber of Parts, thus compreſſed by the Steel, will yield 
to it's Motion, and retire back upon the Parts that 
ire neareſt, and thoſe upon the next. The Stone 
thus condenſes in this Place, and a little ſinking is 
made. But this Effect is not produced with a Ve- 
Jocity equal to that which the Body had at the Mo- 
ment it began to touch; for that which was diſplaced 
made ſome Reſiſtance, and every Reſiſtance (tho? at 
laſt overcome) deſtroys a Part of the Force which 
made it give way. Thus at the End of the firft in- 
ſtant the Ball of Steel will be retarded, and it's Effort 
at the Beginning of the ſecond Inſtant will be leſs 
than it was at the firſt. 

Now as the Parts that were flruck wing the firſt 
Inſtant retired backwards, their Sinking or Introceſ- 
fion has given Way for the Ball to touch the Stone 
according to a larger Surface. The Body therefore 
will loſe more of it's Velocity during the ſecond In- 
ſtant than the firſt, Firſt, becauſe it will have more 
Particles to repel ; and ſecondly becauſe thoſe of the 
Medium which were driven in before, reſiſt more 
than they could do during the firſt Inſtant. For 
then the Matter ſtruck was leſs condenſed, and the 
ſtriking Body had more Motion. 

Wx ſee by the Examination of theſe two Inſtants, 
that the Steel Ball, in penetrating into the Stone or 
Rock, muſt diminiſh in it's Velocity by Quantities 
which go on always increaſing ; ſince the Parts that 
receive it's Effort multiply at every Inſtant; and 
ding themſelves more and more ſupported by thoſe 

| behind 
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leaſt in the Ratio of theſe two Cauſes. 


Tax Velocity of the Body may be retatded either 


- uniformly or not. This Diminution cannot hinder 
it from perſevering in it's firſt Direction, as long az 
it has any Motion at all. So that the Cavity which 
1s made in the Stone will not be compleat till the 
Ball ceaſes to move. And, on the contrary, we may 
conclude, that the Ball is reduced to a State of Reſt, 


when the Parts of the Stone retire no longer, 80 


that if no new Cauſe is then found, to communicate 
Motioh to the Ball z as it has intirely conſumed what 
it had received at it's firſt Determination, we ſee it 
cannot move any longer. And indeed Experiment 
ſhews us, that it moves no more, For if the Part 
of the Wall which is expoſed to the Stroke, is ſoft 
Stone or Plaſter, the Ball remains in the Hole it has 
made, or elſe it falls-back by it's own Weight, if no- 
thing hinders it. 

Bur it is not ſo if the Obſtacle it meets with is a 
hard Stone. We ſhall then ſee it rebound after the 
Stroke, and a different way from it's firſt Direction. 
This is called reflected Motion. We will fee then 
what is the Cauſe of it,, and what are the Laws by 
which it is governed. | 

Is the. Stone, as well as in the Plaſter, there is 
made during the Stroke a Hollowneſs or Sinking, 
which only differs according to more or leſs. But 
when the Obſtacle is elaſtick, ſo that the Parts drove 
in have the Power of reſtoring themſelves, in the 
Place and in the Order they had before they were 

a | diſplaced; 


behind them, their common Reſiſtance increaſes at 
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tiplaced 3 it is eaſy to ſee why the licking Body 
begins to move again, and what determines it to a 
Direction different from that it had before. For the 
Parts forced in, by reſtoring themſelves again drive 
back the Body before them, and give it the fame Di- 
tection they themſelves have. 

Now all elaſtick Bodies are not n ſo; and we 
may affirm, that we know none that are perfectly ſo. 
Yet we will ſuppoſe them ſuch at preſent, to make 
our Theory the more ſimple; and we will firſt con- 
fider the direct Stroke, that is to fay, that of a mo- 
ving Body directed W uin oy Sur- 
face of the Obſtacle. 

SupposInG the Obſtacle DE, Fig. 8. to be a 
Body of which the Elaſticity is perfect; the Point 
of Contact A, drove on to B by the Effort of 
the Body C, ought to return back from B to A, with 
a Velocity equal to that with which it was diſplaced. 
The Body C, which it drives before it, deſcribes the 
a Wl fame Space in the ſame Time. And when by this 
„ Keaction it is become again a Tangent to the Sur- 
\. Wh face DE, it finds the ſame Degree of Motion to po 
n rom A to F, as it had when paſſing from F to A, 
ir began to make the Cavity d Be. Thus an Ob- 
I flacle, whoſe Elaſticity is perfect, would reſtore to 
the Body, by a compleat Reaction, all the Motion i it 
bad deprived it of, during the Time of the Com- 
preſſion. We are now to regulate the Direction of 
this reflected Motion. 

In explaining Refraction we have ſhewn above, 
that when the Body M (Ag. 3. ) falls perpendicularly 


upon 
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upon a refracting Medium, it does not leave the 
Line of it's firſt Direction, and that as well after, as 
before the Immerſion, it tends to the ſame Form, Be. 
cauſe all the Parts of it's anterior Hemiſphere are 
equally ſuſtained by the Reſiſtance of the Fluid; and 
that there is no Cauſe that can favour or abate it's 
Motion more on one Side than on the other, For a 
like Reaſon, if the Surface D E is ſolid and perfectly 
elaſtick, the Body which comes from F to A, aſter 
having made the ſinking d Be, will be ſent back in 
the ſame Line exactly, and towards the Point F; 
becauſe the correſponding Parts G, H, comply with 
Reactions that are perfectly like, the Equilibrium of 
which neceſſarily keeps the Center C in a Line, the 
Terms of which are A, F. 

Wx have before proved (ſee Fig. 5. that in the 
Caſe of oblique Immerſion, the Body forſakes it's 
firſt Direction; and we have ſhewn the Cauſe of it, 
in the Inequality of Reſiſtances, which act upon the 
Points P, R, O, Q, N, duing the Time that this 
Hemiſphere is plunged into the refracting Medium. 
We have alſo obſerved, that in this Deviation of the 
Body cauſed by Retardments, Which go on always 
increaſing till it is plunged, the Centre M deſcribes 
a little Curve MV. 

Tux ſame thing happens, and for like Reaſons 
when a ſpherical Body falls obliquely upon a ſolid 
and elaſtick Plain, Fig. 9. The Parts drove in are 
ſo many little Springs, which have been bent by the 
Effort of the moving Body, and which ſlacken it's 
Velocity more and more, till at laſt it has cn 
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il the Motion it had, when it began to touch the 
curface of the Plain in J. Thence proceeds the little 
Curve i l, deſcribed by the Centre of the Body. 
And it is manifeſt, that if this Plain (fo drove in) 
were to End at the Point L, the Ball would eſcape by 
the Line LM, and conſequently it's Centre would 
deſcribe the Parallel / m. 

Bur during the Time of it's being thus forced in, 
it touches the Plain according to a Surface, and not 
in a Point; and as all the Springs which it has bent, 
vill unbend themſelves ſucceſſively, and according to 
the Order in which they have been compreſſed; a 
double Effect will proceed from hence. Firſt, it re- 
aſſumes it's firſt degree of Motion, becauſe it ig,re- 
pelled by as much Force as compreſſed it. Secondly, ' 
it will aſcend again by a Curve MP, Fig. 10 like to 
that which it followed in making it's Cavity; becauſe 
the Springs it has bent will unbend themſclves againſt 
it's poſterior Part, and give it a Velocity which is 
accelerated from M to P; juſt as that which it had 
at firſt was retarded from I to M. Thus as the Ex- 
tremity I of the Line of it's Incidence was the begin- 
ning of the firſt Curve, ſo that of it's Reflexion PQ 
is the Continuation of the ſecond. And after this 
Manner the Angle RM Q will become equal to 
SMT. 

Tux Equality of the Angles of Incidence and Re- 
flexion may be demonſtrated in a more geometrical 
Manner, if we admit a Principle which will be proved 
afterwards, when we come to ſpeak of compound 
Motion, That is, chat the Body which deſcribes the 
= Liks 
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Line T M does the ſame as if it had been influenced 
by two Powers, one of which would have given it a 
Velocity neceſſary for deſcribing the Line TV, white 
the other ſhould make it deſcend from the Height 
TS. When it is arrived at M, if any Cauſe what. 
ſoever ſhould annihilate it's Motion downwards, with. 
out diminiſhing that which urges it horizontally ; it 
is evident that in a Time equal to that which it takes 
up in coming from T to M, it will go from M to R, 
being no longer influenced but by a ſingle Power, 
But inſtead of this Suppoſition, when the Body is at 
M., if the Power that urged it downwards ſhould all 
of a ſudden be converted into another equal Force, 
which urges it to move upwards, it will doubtleſs 
aſcend along MQ, with the ſame Degree of Velocity 
with which it deſcended along T M. But we have 
Teen before, how of theſe two Motions, of which 
' the. oblique Incidence is compoſed, that which is 
perpendicular to the Plain is annulled im the moving 
Body, and is changed in a like Degree into an other, 
which is oppoſite in the ſame Line. . 
H1THER To we have ſuppoſed the moving Body | 
to be inflexible, and we have only conſidered the 
Elaſticity of the reflecting Plain. But it is eaſy to 
conceive, that the ſame Effects muſt take Place, if 
the Plain is perfectly hard, and the Ball is an elaſtick 
Body. For in the Stroke it would grow flat, and the 
Parts beat in, by reſtoring themſelves, would be 
ſupported by the Plain, and would repel the Body 
with the ſame Velocity, with which they had been 


compreſſed, and in the contrary Way. 
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In pEED peither of theſe two Suppoſitions are 
exactly conformable to Nature. For as we know 
no Bodies that are endued with perfect Elaſticity, io 
ve know none that are quite deprived of it. So that 
whenever there is a Reflexion, we may affirm, that 
both the moving Body and the Obſtacle have 
their Share in it, according to their Degree of Ela- 
ſticity. | 
IT may alſo 8 that a third Body, ſqueezed 
between each of them at the Time of the Shock, 
may have ſome Share in the reflected Motion, by 
performing the Office of a Spring, which one way 
vnbends againſt the Obſtacle, and the other way a- 
geainſt the moving Body, And then whether the 
lacidence be direct or oblique, we may expect all 
that bas been bitherto explained, when we ſup- 
pled ooly the Qbacle or the Body truck, to. be 
elaſtick. 

IT appeats then, that he Things. maſt neceffary 
to be known, concerning reflected Motion, may be 
reduced to, theſe too Heads, Firſt, that Elaſticity is 
a neceſſary Cauſe of Reflexion. Secondly, that the 
Direction of reflected Motion is ſuch, that the Angle 
of Reflexion is equal to that of the Incidence of the 
moving Body, when the Reaction is perfect. 

Tno' theſe two Propoſitions cannot be proved by 
Experiments that are rigorouſly exact, becauſe we 
know no Body endued with perfect Elaſticity, or 
that has none at all; and beſides the Gravity of the 
moving Body, and the Reſiſtance of the Air will 
hinder ſome Part of the Effects: yet we. maß hr 
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nearly what ought to be, by ſhewing what is. We 
ſhall take Care to obſerve, when any thing foreign 
mingles itſelf with the Facts; and the Remainder 
will repreſent to us ſufficiently what has been now 
taught. 


EXPERIMENT I. 
OY | PREPARATION. 


Taz Machine which is repreſented by B ig. 11, 
ougght to be placed in ſuch a Manner, that it's Baſe 
ſhall be in an horizontal Plain. AB is a Ciſtern of 
about an Inch deep, which is filled with Clay mixt 
with fine Sand, in ſuch Quantity as to be very ſoft, 
and yet not too clammy. This Ciſtern or Tray can 
move upon a Hinge, which is at A, and may be 
fixt at any Degree of Inclination required, by Means 
of a Claſp and a Skrew at A. C is a little Braſs 
Pipe fixt to a running Spring, which ſlides in an open 
Groove in the Arm of the Frame, through which a 
leaden Ball may paſs, which is fitted to it. 


EFFECTS. 


Wr the Leaden Ball is dropt through the little 
Pipe C, whether it comes perpendicularly to the Sur- 


face « the Ciſtern, or whether the Ciſtern preſents 
8 itſelf 
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elf obliquely” to the falling Ball, it makes à ſinking 

in the ſoft Earth, and the Ball there loſes it's whole 
Motion, 


EXPLANATIONS 


Wu the falling Ball begins to touch the ſoft 
Earth, it has then a certain Quantity of Motion. 
Tis at the Expenſe of this Motion, that it diſplaces 
2 Portion of this ſoft Matter. It muſt then ceaſe to 
move, when the Parts it meets at Reſt in it's Direc- 
tion have been removed ſo far off, as the Quantity of 
t's Effort required. And it cannot ceaſe ſooner, 
becauſe a Body in Motion cannot be reduced to a 
Sate of Reſt, but by an Obſtacle, the Reſiſtance of 
which is equal to the whole Quantity of it's Force. 
WuXXTRHERA a Ball falls perpendicularly upon a 
Plain inclined to the Horizon, as in one of the two . 
foregoing Experiments; or whether it comes by an 
oblique Line againſt an horizontal Plain, as 1s repre- 
lented in Fig. 12. tis juſt the fame thing as to the 
Effect that will follow. And if the Plain is flexible, 
and without Elaſticity, as we ſuppoſe it to be, the 
Motion of the Ball muſt be entirely deſtroyed there. 
in, as well as in the foregoing Caſe, For the oblique 
Direction makes no Change in what we have ſaid a- 
bout the perpendicular Fall. At moſt it can only 
cauſe a little Refraction, which we may neglect, be- 
auſe we ſuppoſe the ſinking to be but little conſi- 
derable. But it has nothing of itſelf, vhich can raiſe 
«VOL. I. * the 
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the moving Body above the Plain, which it has once 
Er 10. 


2 I's, * APPLICATIONS. 


Bois without Elaſticity, or which have it but 
very imperfectly, are fitter than others to ſubdue 
violent Efforts; becauſe they retard the Velocity of 
| the Body by Degrees, and reduce it to Reſt by yield 

ing from more to leſs. To underftand this well we 
may confider, that there is no Motion, however quick 


= it may be, but takes up a determinate Time. Thu 
— when the Body M, Fg. 13. deſcends along the Line 


7 P E, to make Room for it's Hemiſphere | in the ſoft 
| Earth; thoꝰ to Senſe this Effect may ſeem to be per- 
| | formed in an indivifible Inſtant, yet we may con- 
ceive the Time of this ſinking to be divided (as it 
were) into ſeveral equal Moments, during which the 
Body exerts it's Force againſt the yielding Particles, 
But this Force diminiſhes at every Inſtant, and it di- 
minifhes by Quantities which increaſe much faſter 
than the Times, For at the ſecond Moment, the 
Reſiſtances are in much greater Number than in the 
firſt; becauſe the Hemiſphere (being farther ſunk) 
will preſent a greater Surface to the ſoft Earth, which 
it muſt repel; And the Parts already compreſſes, 
make a greater Struggle againſt being removed. Me 
may therefore confider the three Spaces D, F, E, 2 
"the Reſults of three equal Moments, during which 
; the Body M has ſpent It's whole Nec in  deſerid 
\ Ig the Line DE, | Fan 


Aus 
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Ai Obſtacles which thus give way, parjaks,of 
the Effort of the moving Body, and ſtop (as it, were 
at ſeveral Times) a Force which could not fail of ſur- 
mounting them, if their whole Action was contracted 
into a ſhorter Time. For could a Drum, for In- 
ſtance, withſtand the Force of one Stroke, which 
ſhould be equal to the Sum. of all the Strokes, im- 
preſſed by the Sticks in an Hour's Time? An Oaken 
Plank cannot ſtop the Force of a Muſket-Ball, which 
2 Sack of Wool would deaden in a ſhort Time.. __ 
'Tis for a like Reaſon, that we are not burt by the 
Fall of a hard Body, which we receive within out 
Hands, provided the Hand yields for ſome Mo- 
ments, and does not ſtiffen itſelf againſt it. We 
ſhould run a Hazard of breaking the Rope, when we 
ſtop a Boat carried away by the Stream of a River, if 
we had not the Caution to let it run out by little and 
little, and ſo overcome the Jirk by degrees. J 
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I EXPERIMENT 1h 


| ae c HA PARATIONSs _ 


a We make Uſe of the fame Machine for this E. 
' tarimont, which ſeryed f for the foregoing, and i is re. 
preſented by F, 2.11. But inſtead of the Ciſtern 
filled with ſoft Earth, we put there a Slab, of black 
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| Coar of. Oil; and the Ball made to fall through the 
Ade braſs Fire is of Ivory. 


Errrers. 


nh the am Ball is let fall perpendicularly 
upon the Marble, after having touched the Plain, it 
rebounds by the ſame Line along which it fell; but 
not ſo high as the Place from whence it fell. And 
we may perceive upon the Marble a round Spot, 
| which i is about a Line in Diameter, 


EXPLANATIONS, 


\. WHAT we have ſaid above, in diſcuſſing the Que- 
ſtion about reflected Motion, will ſuffice to explain 
the Fact now related. The Spot found upon the 
Marble, proves evidently that in the Shock there 
was a Compreſſion of Parts in one of the two Bodies, 
and probably in both, as we have ſhewn when we 
treated of Elaſticity. And after the Experiment 
ended, as we find the Surfaces in the ſame Condition 
they were in before the Contact, it is plain they have 
reſtored themſelves. And we have ſhewn, that this 
Reſtoration, if it wete perfect, would be ſufficient to 
give back to the Body all the Motion it had ſpent, in 
following it's firſt Direction, but the contrary way. 
If this Effect has not it's full Force, *tis becauſe the 
Reſiſtance of the Air oppoſes it in ſome meaſure. 
7* — 4 and 
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ind there is good Reaſon to think, that neither the 
Ivory, nor the Marble, reſtore themſelves with the 
fame Velocity, with which they are compreſſed. 


F 


APPLICATION. 


An elaſtick Body, that has been compreſſed, and 
then permitted to reſtore itſelf, does not return to it's 
firſt State, till after a certain Number of reciprocal 
Motions called Vibrations, which are eaſily, perceived 
in a Plate of Steel, in the String of a Harpſichord, in 
a Branch of a Tree, and ſuch like; which has been 
bent, and then left to itſelf. This Motion, which 
brings back the elaſtick Body beyond it's Place of 
Reſt, proceeds from hence, that the compreſſed Part 
in reſtoring itſelf, takes again the ſame Degree of 
Velocity, which it had received at the firſt Inſtant of 
the Shock, and the contrary way, as we have before 
explained, Let us take for an Example a String of a 
Viol, or of a Harpſichord, Fig. 14. ſtretched between 
two fixt Points G, H ; againſt this we make a ſolid 
Body to ſtrike, with a Quantity of Motion ſufficient 
to bring it from the Point I to the Point K. This 
Percuſſion lengthens the String; for it is plain the 
Sum of the two Lengths G K and H K is greater than 
GH. If it can freely reſtore itſelf, it's Spring will 
bring back the Point K to I, and then it will have, 
in the Direction I L, a Velocity equal to that which 
the Percuſſion had given it to go to K. This Velocity 


raw have it's Effect; it will tranſport the Point L 
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towards L, until ſufficient Reſiſtances will finally 
make it ceaſe. Now if the middle of the Sing 
moves in this Manner, - the Parts that compoſe it on 
each Side muſt be lengthened, and their Reſiſtance 
will more and more weaken this Motion. It will 
end at laſt, when the whole Velocity of Reaction is 
ſpent. And it is eaſy to ſee, that in returning from 
K to I, if the String is found to have the ſame De. 
gree of Velocity that it had receiyed by the Stroke, 
to deſcend to K, the Line I L ought to become equal 
to IK. If the Elaſticity was perfect, and theſe Vi. 
brations were performed in a Medium that had no 
Reſiſtance, theſe Sorts of Motions would be perpe- 
tual. - For when the String is arrived at L by virtue 
of it's Reaction, it has the ſame degree of Tenſion 
- Which it had when it was ſtretched at the Point K; 
and conſequently it would have the Force neceſſary 
to return thither at the ſecond Vibration, We may 
ſay as much of the third, and of others ad infinitum, 
But the Reaction being never compleat, for the Res. 
ſons mentioned before, the ſecond Vibration has leſs 
Extent then the firſt, and the third till leſs than the 
ſecond ; and theſe Diminutions at laſt reduce ths 
String to it's firſt Condition. 
IuAxrx taken a String as an Example, in order tq 
make this Explanation the more ſenſible; but we 
ſhould conceive, that the ſame thing happens to all 
laſtick Bodies, except a Difference of more or leſi 
according to the Figure and Rigidity of the Parts 
Thys the Parchment af a Drum becomes alternately 
eeneave and convex; and the Ball of Ivory we 
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fell upon the Marble, did not reſume it's ſpherical 
Figure, till after having been for ſome Time an El- 
lipſoid, of which the greateſt Diameter is ſucceſſively 
both horizontal and vertical, Fig. 15. 

Tis a Thing remarkable, that the ſame Spring 
makes all it's Vibrations iſochronal, that is, perform- 
ed in equal Times, whether they are ſmall or great. 
And we had then an Opportunity of ſeeing the Proof 
of it, when we ſhewed the Uſe of the Machine, 
Fig. 9. of Lefture 3. with which we meaſured the 
Degrees of Friction. For by comparing the Vibra- 
tions of the ſpiral Spring, with the Oſcillations of a 
Pendulum that vibrates Seconds, we ſhall very eaſily 
obſerve, that the firſt and the thirtieth (for In- 
ſtance) are performed in Tim that to Senſe are 
equal. | : 

IT is farther to be obſerved, that diſtended Springs 
reſtore themſelves with ſo much the more Velocity, 
2s more Force is required to bend them. Thus tho? 
two thin Plates ſhould be equally elaſtick, if one of 
the two is more flexible than the other, it will make 
Vibrations that will have leſs Extent, but which will 
be more frequent; which we ſhall ſhew hereafter, 
when we come to ſpeak of Sounds. 


EXPERIMENT II. 


PREPARATION. 


Fox this Experiment we ſhall make uſe of the 


Machine, Fig. 11, which ſerved for the foregoing. 
P 4 Bur 
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But inſtead of putting the marble Slab or Table in an 
borizontal Situation, we ſhall now make it incline, 
as the Line AD. And we advance the little Pipe C 


in it's Groove, ſo that it den be an over the 
_ E. 


EFFECTS. 


Ir the Ivory Ball falls upon the marble Table ac- 
cording to the Line NE, it will proceed along EE, and 
lodge itſelf in an Opening made in the Piece G, the 
Breadth of which is equal to the Diameter of the Ball. 
And on the Surface of the Marble may be obſerved a 
Spot, not perfectly round as in the foregoing Experi- 
ment, but a little oblong, and ſituated in ſuch man- 


ner, as that it's greateſt Diameter will be in the Plain 
| of Reflexion, 


EXPLANATIONS. 


WI have ſufficiently explained the Cauſes of Re- 
flected Motion, and Experiment ſhews us, that the 
Angle of Reflection A E F is nearly equal to that of 
Incidence HED. Therefore I need not ſo much 
inſiſt on proving the Equality of theſe Angles, as in 
ſhewing by the Angle of Reflexion is not ſtrictly | 
and rigorouſly equal to the other. There are three 
Cauſes that concur to make it ſomething leſſer. Firſt, 
the Ball that ſtrikes, and the Plain that reflects it, 
have not a perfect Elaſticity ; therefore the Reac- 
tion is not compleat. Secondly, the Air that muſt 
wi 3 » 1 7 08 
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be divided to paſs. from E to F, Tetards a little the 
Velocity of the Body. It is therefore a longer Time 
in it's Paſſage than it ought to be, and this Retarda- 
tion gives Occaſion for the Admiſſion. of a third 
Cauſe. For thirdly, Gravity acts upon the Ball as it; 
deſcribes the Line EF or EG, and impels it down- 
wards, Therefore inſtead of deſcribing an exact right 
Line, it arrives at G by a curve Line, the Extremity, 
of which is a little lower than the Direction of it's 
Reflected Motion would require. 

Bur thoꝰ the Equality of theſe Angles cannot take 
Place in the natural State, yet cannot we perceive even' 
through theſe Obſtacles, that it is nevertheleſs an 
eſtabliſhed Rule in Nature, and founded upon Laws 
that are generally acknowledged ? 

Tux little oblong Spot that we ſee upon the 
Marble after the Contact, is a clear Proof that a Ball 
which ſtrikes an Obſtacle obliquely, penetrates it by 
a curve Line, as we have ſaid above; and that it 
comes out of this Cavity by a like Line. Thus the 
longer Diameter of the oblong * is repreſented 
by the Line My Hs. 10. 48 


| Apr LICATIONS. 


Tux Games of Billards and Tennis, are almoſt 
entirely founded on the Rule we have now explained 
and proved. In one of them there is a ſpherical Body, 
which is commonly ſtruck againſt a Plain, according 
to an oblique or perpendicular Direction. In the 
other it is the Plain itſelf which is preſented to the 
—_—_ 
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Body, under different Angles of Inclination. And 
the principal thing in each, is to eſtimate well the re. 
flected Motion by the Angle of Incidence. 

Wurn +a Cannon - Ball diſcharged horizontally, 
corhes to touch the Ground, it rebounds ſeveral times 
ſucceſſively; and it's Marks are obſerved upon the 
Ground, which are much longer than they are wide 
or deep. "Tis the Bullet that grazes and mounts a- 
gain, as the Ball in our Experiment, obſerving two 
Curves which join together at the laſt Degree of ſink- 
ing, where the Reflexion commences. And as it's 
Velocity downwards, is much leſs than it's horizon. 
tal Motion; it deſcribes a very great Length, in the 
fame" Time that it deſcends to a very little Depth, 
And hence proceeds that great Difference that is ob- 
ew in 1 two 1 when the Traces we 
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6018 
Of the Communication of MOTION in the 2 
"of Bobs. 


LTHOUGH the ſolid Obſtacles, which 
ſtop or which reflect moving Bodies, have 
their Effects only in virtue of the Motion, which is 
communicated to them by the Body ; and that this 
Communication is made according to the Rules that 
we ſhall eſtabliſh in this Section; yet we have thought 
proper to treat ſeparately of this Action of Bodies, 
conſidered ig the Caſe wherein the Body ſtruck, lets 
us perceive the Marks of the Percuſſion-it ſuffers, by 
a ſenſible Removal of it's whole Volume. That is to 
lay, that after having taught what happens to a Body 
in Motion, as well in Reſpect of it's Velocity, as of 
it's Direction, in relation to an immoveable Obſtacle, 
or which 1s conſidered as ſuch; we ſhall now examine 
the Changes, of which both of them (the Velocity 
and Pirection) are ſuſceptible, when the Obſtacle is 
removed by the Impulſe, or at leaſt may be ſo, And 
that we may proceed from what is more ſimple, - 
* 
1 
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what is compound, we ſhall firſt conſider the Effects 
of Percuſſion in ſoft Bodies, wherein Reaction can. 
not take Place, in order to 80 on altervards to the 
Colliſion of elaſtick Bodies. 
Wr always ſuppoſe, in order to make our r Theary 
more ſimple and eaſier to be apprehended ; firſt, 
that the Bodies which ſtrike, are endued with a per- 
fect Elaſticity, or elſe have none at all. Secondly, 
that their Motions are performed i in a Medium with- 
out Reſiſtance, and without Friction. So that the 
Doctrine we are going to deliver would be falſe, if 
the Facts exhibited ſhould be found to be exactly re- 
preſented by the Experiments. For the Hindrances, 
from whence we make Abſtraction, muſt neceſſarily 
have ſome Influence upon the Reſults. So that our 
Proofs ought not to paſs for concluſive, but when 
they ſhall appear to produce ſomething leſs than what 
might have been expected. Thus, for Example, if 
the Body A, coming to ſtrike the Body B, Fig. 16. 
ſhould make upon it the whole Impreſſion it is able, 
in virtue of the Motion it has at parting from the 
Point a; it would then do too much, becauſe beſides 
this it muſt overcome the Friction, the Reſiftance of 
the Medium, c. It would therefore exert upon the 
Body B, which is the laſt Obſtacle it has to overcome, 
only the Force which remains to it, after having ſur- 
mounted the others. And if we make no n 
of what it will have loſt in overcoming thoſe others, 
we cannot expect a compleat Effect, when the Per- 
| cullion 1 1s performed at TT, 10 
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Wx ſhall here only conſider the direct Colliſion, 
that is, ſuch as is made by two Bodies, - whoſe Centres 
of Gravity are found in the Direction of theix Ma- 
tions, as in Fig. 16. And to make che Execution 
more eaſy, we will make all our Experiments with 
ſpherical Bodies, which we will ſuſpend'on very fine 
Threads, Fig. 20. that we may diminiſh'the Frictions, 
and the Reſiſtance of the Air, as much as poſſible. 
And as we ſhall often have Occaſion to know the 
Degree of Velocity of theſe little Globes; we will 
keep them ſuſpended upon fixt Points, about which 
they may deſcribe Arches of Circles, which may be 


meaſured by Graduations, Fig. 21. What ſhall be 


| afterwards taught concerning Gravity, will let us 
know, how by the Length of theſe Arches we may 
regulate the Velocity of the Bodies which deſcribe 
them. This is a Method which has been ſucceſsfully 
uſed by many able Philoſophers, and eſpecially by 
Mr Mariotte. The Machine I make Uſe of, and 
which is repreſented by Fig. 17. is the ſame as his, 
which I have rendered more convenient, and extended 
to other Uſes. 

Bronx the Appulſe of two Bodies, there is 2 
Space between them to be: paſſed over, either by one 
of the two entirely, or partly by one, and partly by 
the other; otherwiſe there could be no Colliſion. 
This Space cannot be paſſed over but in à certain 


Time, and the Duration of this Time, meaſures the. 


relative Velocity of theſe two Bodies. That is to ſay, 
the Velocity with which the Diſtance diminiſhes, 
whether one of the two continuesat Reſt; or whether 
Ene ay 
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they both move the ſame way, or contrary ways, with 
equal, greater, or leſs Velocity than one another, 
So that if the two Bodies A, B, Fig. 16. at the Di- 
ſtance of 4 Feet, are joined together in a Second, the 
relative Velocity is the ſame, whether B alone de- 
ſcribes the whole Space, or whether he meets A 
coming towards him at the ſecond or third Foot, Ee. 
provided that the Motion by which one approaches 

to the other, is performed in a Second. Therefore 
tis relative Velocity muſt not be confounded with the 
abſolute Velocity, or the proper Velocity of each of the 
moving Bodies. For we ſee, by this Example, that 
this may vary in ſuch Caſes as the other would not 
change at all. 

Taz Relative velocity * given, we muſt ail 
conſider the Maſſes. For the Body ſtruck, oppoſes 
it's Inactivity to the ſtriking Body, and we have ſeen 
elſewhere, that this kind of Reſiſtance is meaſured 
by the Quantity of Matter contained and connected 
together under the ſame Volume. Therefore we 
ought to expect, that in the Colliſion, a great Maſs 
will receive leſs Velocity than a ſmaller. And to 
make the ſame Body acquire more Motion, more alſo 
muſt be given to the Body which is to communicate 

it. Becauſe the Inactivity not only reſiſts Motion, but 
alſo a greater Degree of Motion; as we have N 
elſewhere. | 

- Wazn we mentigned Motion i in — we al 
ways forbore to examine into the Nature of this Kind 
of Being, or rather of Modification, becauſe this Kind 
of 5 aan * more to Metaphyſicks than to 

Experimental 
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Experimental Philoſophy. For the very ſame Reaſon 
we ſhall not amuſe ourſelves to examine how Velo, 
city paſſes from one Body into another. We ſhall . 
confine ourſelves, to ſuch Facts as can be made ma- 
nifeſt; and in running through the more general 
Caſes, we ſhall ſettle, by way of Experiment, ſuch 
Propoſitions as may be confidered as Principles or 
Laws, to which we may reduce other Effects more 
particular, as ſo many Conſequences, 2 


— 


ARTICLE I. 


Of the COLLISION of BODIES that ee, 
elaſtick, 


PROPOSITION 1, 


Warn a Body at Reſt i ſtruck Wan 
the Velocity of the ſtriking Body ought to be di- 
vided between both, according to the Ratio of their 
Maſſes, + | 
THAT is to ſay, that after the Shock the two Bo. 
dies will continue to move according to the Direction 
of the ſtriking Body; and that the Velocity of this 
being diminiſhed by the Reſiſtance of the other, the 
Remainder which is common to both will be fo much 
the leſs, as the Body which is iruck ſhall have more 
Maſs, N 
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Tnvus the Body at Reſt being ſtruck by a Maſi 


IE to one half. 

. - Taxxnx will remain two Thirds of the Velocy 
if the ſtriking Body is double to the other. 

Ir it is the Body ſtruck which is double in Bulk to 

| the other, the Velocity, after the Stroke, will be but a 

third Part of what it had before. We will og theſe 

three Caſes to a Trial. 


EXPERIMENT I. 
PREPARATION. 2 


Tur Machine which is repreſented by Fig. 19, 
being diſpoſed in ſuch Manner, that the Plum-Line 
may be parallel to the Line A B; that the two 
Threads of Suſpenſion C D and E F may ſuſtain in 
one and the ſame Line, and at the ſame Height, the 
Centres of the two Balls of ſoft Earth, each of which 
weighs two Ounces; and in ſuch Manner that being 
at Reſt, their Surfaces may touch in a Point; that 
the firſt Graduation of each of the two moveable Ru- 
lers G and H may be over againſt each of the 
Threads; and laftly that the little Runner or Index L, 


may be placed a little before the third Graduation of 


the Ruler G, and the other Index M over 1 0 che 
ſurth of the other Ruler H. ; 


T3874 ErrEOTs. 


equal to it's own, the ROY after the Stroke will be 


as _—— gun" — 3 
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Tux Ball F being 3 to M, and then eſe to. 
fall of itſelf by it's own Weight, will ſtrike the — 
Ball D. Each of them are flattened alike at the Place _ 
of Contact, and, after the Stroke, both of them move 7 
the ſame way, and the Thread, that ſuſpends the Ball 
D, goes to the Index L. | 


EXPLANATIONS... 


Wan the Ball F falls along an Arch of fix Gra- 
duations, if it found no Obſtacle, it would aſcend 
along an equal Arch on the other Side. Of this we 
may be aſſured by taking the Ball D out of it's way; 

. and we ſhall explain the Reaſon of it, when we come 

to treat of the Phznomena of Gravity. So that when 

it comes to F from the Point M, it's Motion is then 
ſuch, that it can raiſe it's Maſs of two Ounces into an 
Arch of fix Graduations. But a Force, which can 
tranſport a Maſs of two Ounces to ſix Degrees Di- 
ſtance in a given Time, can tranſport a Maſs as big 
again but half that Diſtance in the ſame Time. But 
when the Ball F meets the Ball D, which does not 
ſuffer it to paſs farther without carrying it along wick 
it; 'tis a Velocity of 6 Degrees applied to a Maſs of 
4 Ounces : and both together will ceaſe to move, 
after having deſcribed only 3 Graduations, as the 
Experiment ſhews. 
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Ar the Time of the Shock the flattening is made in 
both the Balls, and in the preſent Caſe this flattening is 
equal in both; which two Facts deferve to be ob. 
ſerved and explained. 
We have faid already, that nothing in Nature ; is 
performed with Preciſion, and per ſaltum. And the 
Effects that are moſt quick, and to our Senſes appear 
to be almoſt inſtantaneous, are always produced in a 
finite Time, that is to ſay, in a Time the Duration 
of which is not the ſhorteſt that we can conceiye, 
When the two Balls begin to touch, the more ad: 
vanced Parts of the ftriking Ball have already loſt a 
Part of their Velocity, whilſt the Centre and the 
more remote Parts ſtill retain theirs. Therefore 'tis 
not till after ſome Inſtants are paſt, (very ſhort ones 
indeed) that this lingring Ma) a aſſumes a Velocity 
equally, retarded in all it's Parts. But if the Parts of 
a Body are moved ſome quicker than others, their 
relative Poſition, or (which is the ſame) the Figure 
of the Body muſt be changed. The flattening there 
fore of the Ball F is an Effect, and alſo a Proof, of 
the Velocity being exceſſively retarded at 2 
Times. 

Tn ſame thing may be ſaid of the Ball that 
ſtruck. It does not paſs from it's State of Reſt, to 
three Degrees of Velocity all at once. The Part 
that are immediately expoſed to the Shock are more 
ſooner, and quicker, than the Centre and the farthe 
Hemiſphere, And theſe ſucceſſive Removals creat: 
an Introceſſion of Matter, which changes the Figur 
ol the whole. 

Nov 
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Nov theſe flattenings in each of the Balls are cauſed 
by their Inactivity, which oppoſes any Change of 
State in both; and this Force of Inactivity is equal 
to the Maſs. So that in the Shock of two Bodies, 
of the ſame Matter and of equal Weight, the flat- 
tenings in each ought to be equal. 


EXPERIMENT II. 
PREPARATION, 


Tux Ball D is made of 4 Ounces, and the Ball F 
of 2 Ounces. The firſt remains at Reſt, and 6 De- 
grees of Velocity is given to the other. Other things 
are diſpoſed as in the foregoing Experiment. 


EFFECTS. 


ArTzR the Impulſe the two Balls continue to 
touch one another, and deſcribe together two Gra- 
duations; and the flattening of each is greater than in 
the foregoing Caſe. 


* 


EXPLANATIONS, 


THz Ball F by deſcending from 6 Graduations re- 
ceives 6 Degrees of Velocity; that is to ſay, it can 
carry it's own Weight the Space of ſix Graduations 
on the contrary Side. But this Weight being en- 
creaſed by two thirds more, by the meeting of the 
Ball D, which it carries along with it, it's Force now 


Q 2 is 
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is ſufficient only for one third Part of the Space which 
it would have deſcribed, if nothing had ſtood in it's 
way. 

As to the fattening, it ought to be fo much the 
greater, the longer Time the Body ſtruck reſiſts it's 
Removal: Since it is this Reſiſtance, as we have ſaid 
before, which interrupts the Uniformity of the Ve. 
locity in the Parts of each Ball. But in the preſent 
Caſe the Ball D reſiſts as much again as a Ball of 2 
Ounces would do. Therefore there was Room for 
the ſinking of a greater Number of Parts, 


EXPERIMENT II. 
Panrakation. 


In this Experiment we proceed as in the two 
others, except only that we give to the Ball D which 
is at Reſt, 2 Ounces of Matter, and to the Ball F 


Ounces, which we make to move with 6 Degrees of 
N 


EFFECTS. 


THz two Bodies being united after the Shock, de- 
ſcribe 4 Graduations, and the flattenings are not ſo 
ſtrong as in the' two foregoing Caſes. 


ExXPLANATIONS 


ExXPLANATIONS, 


WHAT we hae ſaid to explain the two foregoing 
Experiments, may ſuffice to give an Account of this. 
We muſt always conſider the two Balls after the Per- 


cuſſion as making but one Maſs. And we ſhould 


conſider alſo, that 6 Degrees of Force, which can 
tranſport a Maſs of 4 Ounces a Space of 6 Gradua- 
tions, cannot tranſport one of 6 ounces ſo far. If the Re- 
ſiſtance of 4 Ounces can conſume the whole Force in 


deſcribing this Space, an Augmentation to the Weight 


of one third, ought alſo to diminiſh the Space by one 
third. And conſequently, inſtead of 6 Graduations 
which the Ball F would have deſcribed alone, and 
without an Obſtacle, being joined ro the Ball D, 
which it has put into Motion, it can now deſcribe 
but 4. 

Bur as the Ball D, which weighs but 2 Ounces, 
reſiſts leſs than when it weighs 4 or 3, it has afforded 
leſs Occaſion to the ſinking of it's Parts; and on the 
other hand it has leſs retarded the anterior Parts of 
the Ball F. For we may eaſily conceive, that if all 
of a ſudden, and in an indiviſible Inſtant, it ſhould 
aſſume the whole Velocity which is communicated to 
it, there could be no flattening on either Side. For 


it would fly away before the Ball F at the very Inſtant 


of Contact, with a Velocity equal to that of the 
ſtriking Body; which would make it eſcape from it's 
Action or Influence. 


Q 3 APPLICATIONS, 
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APPLICATIONS. 


SINCE in the Percuſſion, wherein one of the two 
Bodies is at Reſt, the Velocity of the ſtriking Body 
diminiſhes in Proportion to the Maſs of the Body 
ſtruck, we muſt draw from thence this Conſequence; 
that the Motion muſt be inſenſible after the Shock, 
if the Body at Reſt is infinitely greater than that 
which ſtrikes it. And it is doubtleſs for this Reaſon, 
that a Cannon Ball ſeems to have loſt all it's Motion, 
when it is ſhot againſt a Rampart, or againſt a ſtrong 
Caſtle. For the Velocity which remains to it after 
the Stroke, is to that which it communicates, as it's 
Maſs is to that of the Obſtacle it ſtrikes ; that is, as 


an infinitely little Quantity, to one that | is infinitely 
eat, 


*T15 alſo in conſequence of this Principle, that it 
is often ſaid, the greateſt Bulk is always removed 
(tho! infinitely little) by the Percuſſion of the ſmalleſt 
Body. Byt I cannot ſee why we are obliged to admit 
this Propoſition, as a neceſſary Conſequence from the 
Law we have now eſtabliſhed, except we ſuppoſe the 
Body ſtruck to be perfectly inflexible. Otherwiſe let 
it be never ſo great, it's Reſiſtance will be at a ſuffi- 
cient Duration to conſume all the ſenſible Velocity of 
the moving Body, by the Introcefſion af the Parts, 
which will be occaſioned by the Impulſe, 

Tux Experiments now alledged will alſo inform 
us, why all Bodies in general are broke, or ſooner 
Joſe their Figure, by ſtriking againſt. Qbſtacles - 
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are immoveable, than when they meet with ſuch as 
may be moved. A Veſſel will ſplit againſt a Rock, 
but may be unhurt by hitting againſt another Veſſel 
at Reſt, *Tis becauſe the Rock giving way but 
little or nothing to the Motion of the Veſſel, the 
Parts of this which begin the Conflict have already 
loſt all their Velocity, while the others have till all 
theirs. Therefore a Change of Figure is made ; the 
Pieces are ſtrained and break, if the Shock is violent 
enough. Whereas if the Veſſel had met a floating 
Body which would comply with it's ' Impulſe, the 
Parts expoſed to the Shock would not be entirely 
ſtopt, and the others are retarded by little and little 
as well as themſelves, 

WoRKMEN that labour at the Hammer, fay that 
it makes a falſe Stroke, when the Matter they are at 
work upon flips from them, whether it be becauſe it 
is not ſufficiently ſupported, or becauſe the Tool is ill 
directed. And the Smith juſtly complains if his An- 
vil is too light, or if it is ſupported by a Block that is 
unſteady. For then the Iron that he is at work upon 
yielding with it's Point of Support, his Stroke has 
not it's full Effect, as it would have had if his Anvil 
had been better fixt, and had kept the Side of the 
Iron which touches it at perfect Reſt, while he ſtrikes 
the other Side with his Hammer. 

Taz Play of Mall or Racket, has ſo much Rela: 
tion to our firſt Propoſition, about the Percuſſion of 


Bodies, and to the Experiments we have made Uſe of 


in proving it, that it is almoſt needleſs to make any 
Application of it here. If we attend-to it ever ſa 


"Wu lite 


* 
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little we ſhall ſoon. ſee, upon what the Proportions 
are founded, which ſhould be obſerved between the 
Maſs of the Racket and the Ball. How one, by 
Means of a long Handle, receives from the Player a 
very great Velocity; why, and in what Proportion, 


a Part of this Velocity is cammunicated to the 
other, Se. 


PROPOSITION I. 


T HEN two Bodies moving the ſame way with 
'Y unequal Velocities ſtrike one another, whe- 
ther their Maſſes are equal or not, they will continue 
to move together in their firſt Direction with a com- 
mon Velocity, which will be leſs than that of the 
ſtriking Body, but greater than that of the Body 
ſtruck before the Percuſſion. | | 

As ſoon as we ſuppoſe that the two Bodies moye 
the ſame way, it follows neceſſarily, that which pre- 
cedes muſt nat move ſo faſt as that which follows, 
otherwiſe there can be no Collifion. For if both 
moved with equal Velocities, it is plain they could 
not approach to each other. When that which moves 
ſwifteſt overtakes the ſlower, it's Slowneſs makes an 
Obſtacle to the other. But this Obſtacle is in Mo- 
ton, and muſt divide the Exceſs of the Velocity of 


the 
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the ſtriking Rody in the Ratio of it's Maſs 3 as has 
been proved before, The following Experiments will 
ſhew, in what Ratio the Velocity is retarded in n : 
and accelerated in the other, 


EXPERIMENT 3 
PREPARATION, 


LzT each of the Balls D and F be 2 — in 
Weight, and make them fall at the ſame Time, one 
in an Arch of 3 Graduations, and the other in an 


Arch of 6, being both taken on the fame ide. 


ErpecTs. 


THrrsEz two Balls will joyn in the Place where 
their Threads of Suſpenſion are perpendicular to the 
Horizon. A ſmall flattening is made in each, after 
which they continue to move together on the ſame 
Side, and aſcend an Arch of 41 Graduations. 


ExPLANATIONs. 


Tun Ball F having 6 Degrees of proper Velocity 
againſt 3, approaches to the Ball D with a relative Ve- 
locity of 3 Degrees, or the Exceſs of 6 above 3. We 
ſhall tell elſewhere why it comes to paſs, that when 
| e is made in Arches of the 

of + 


Fd 
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tho” unequal ones, yet the two Balls will ſtrike ex- 
actly in an Place, which is the loweſt of their 
Falls. | 

As to the ſinkings of the Parts which touch in the 
Shock, they ought to be proportional to the relative 
Velocity, which is leſs than. the abſolute or proper 
Velocity of the ſtriking Body in the preſent Caſe; 
wherein the Ball that is ſtruck moving the ſame ſs 
partly avoids the Force of the Stroke. | 

LasTLy, the two Balls aſcend together in an Arch 
of 4 3 Graduations. That is to ſay, that their com- 
mon Velocity compared to that of the Ball F before 
the Shock, is found to be diminiſhed by a fourth 
Part. And this is what ought to be expected; for 
the ſtriking Body having 6 Degrees of Velocity, and 
meeting another Body of a Maſs equal to it's own, 

which has but 3 Degrees, ought to loſe ſo much of it 
as is neceſſary, that he may communicate to the other 
enough to enable it to move as faſt as itſelf, But the 
Equality. of their Maſſes requires, that it ſhould give 
it 1 4, which is the Half of 3, the Difference of the 
two Velocities before the Shock, Now 1 3 taken 
from 6 and added to 3, makes 4% in one, and as 
much in the other, 


EXPERIMENT II. 
PREPARATION, 


Tun Deperimene is performed as the firſt, with 
this 9 that che Ball D weighs 4 Ounces, 
and 
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and the Ball F 2 Ounces; the Velocities remaining 
in the Ratio of 3 to 6. 


- 2 
* 


k 5 
— * 


brrzere 3 


Ar TER the Colligon hs two Balls continue to 


move together. The flattenings are greater than in the 
foregoing Experiment; and the Arch rer | 
is of 4 Graduations. 


E x PLAN ATION 8. 


Wu Ar we have faid to explain che firſt Experi- 
ment may be applied to this. We ſhall only make 
Uſe of the ſame Reaſoning, obſerving the Propor- 
tions. The Exceſs of the Velocity in the Ball F be- 
fore the Shock was 3, which muſt be diminiſhed by 
two Thirds, by the Reſiſtance of the Ball D, which 
has a double Maſs. So that after the Shock there 
ſhould be found 4 Degrees of Velocity, becauſe of 6 
which was in the ſtriking Body; there are only 2 loſt 
by the Action, which makes the Velocity | the ſame in 
both the Balls, 

Tu x flattening are greater than in the firſt Expe- 
riment, becauſe the Reſiſtance of the Body ſtruck was 
ſtronger, This we ſhall eaſily admit, when we con- 
ſider, that the Ball D being 4 Ounces, conſumed a 
third Part of the Velocity of the ſtriking Body; 
whereas being only two Ounces in em . 
it only. conſumed a h of it. 


Exe rz 


TY Lane, * Endet Philoply. 


EXPERIMENT III. 
009? 313 Pa 10 u. 


mow eee the Ball | 


F 4 Ounces, and let the Velocities be in the ö 
6 to 3. 


ETF ZerSs. 


Ar rex the Impulſe the Ball D is carryed away by 
the Ball F, ſo that they deſcribe together an Arch of 
5 Graduations. And the Flattenings are lels than in 
W. two preceding Experiments. 


— EXPLANATIONS. 


Tur Ball F dividing it's Exceſs of Velocity, 
which is 3, with a Maſs which is leſs by half than 
rtfelf, retains two thirds of it. Therefore the two 
Maſſes joined together after the Shock ought to have 
6 Degrees of Velocity, except 1 which is taken away 
by the Refiſtance of the Body ſtruck, before i it aſſumes 24 
the ſame Velocity as the ſtriking Body. 

Fux flattenings are not ſo great as in the preceding 
Caſes, becauſe the Reſiſtance was not ſo ſtrong on 
the Part of the Body ſtruck. For 2 Ounces of Bulk 
reſiſt 4 Ounces; lefs- than 3 reſiſts 2, or 2 reſiſts 20 
The N being ſtill in the ſame Ratio. 


9 
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APPLICATIONS. 


3 


*. 


IT is eaſy to ſee by the 888 of t the Dia 
Propoſition, that after the Shock of two Bodies, of 


which one moves faſter than the other in the ſame 
Direction, the proper Velocities, in order to become 
equal, in one Change from more to leſs, and in the 
other from lefs to more. Since that of the Body D 
has always been encreaſed, and, on the contrary, that 
of the Body F has always undergone ſome Diminu- 
tion, Tis thus that a Boat which complies with the 

Impulſe of the Oars, receives an Increaſe of Velocity, 
and retards that of a Volume of agitated Air, in the 
Direction of which it moves. It does not go fo 
ſwift as the Wind, but it's Motion is always quicker 
than if it had moved only by the —_ of the 
Rowers. 

TRE ſwifteſt Flight, the hardeſt running, avs 
not hinder but that the Bullet of the Sportſman ſhall 
oyertake the Game that flies before him, But at equal 
Diſtances the Blow is not ſo ſure, as if the Animal 
fat ſtill, or came the contrary way. And it is well 
known that a Hare, a Buck, Sc. ſhot in the Flank, 
is more eaſily knocked down, than when he flies be- 
fore the Stroke. One of the Reaſons that may be 
given for it is, that then the relative Velocity of the 
Bullet is greater, becauſe the Animal moves in a Di- 
rection which withdraws it but little or not at all from 
the Sportſman, which is then as it were fikt. We 
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have ſeen by the Experiments of the firſt Propoſition, 
that | in ſuch a Caſe the Shock! is ker 


PROPOSITION III. 


F the two Bodies which are to impinge move di- 

rectly contrary ways, the Motion will be deſtroyed 

in both, or at leaſt in one of them, If any remains 

after the Shock, the two Bodies will go the ſame 

way, and the Quantity of their common Motion will 

be equal to the Exceſs of one above the other before 
the Shock. 

Tnar is to ſay, that in the Caſe wherein the two 
Motions are equal before the Shock, the two Bodies 
will be reduced to a State of Reſt. And if one of 
them had more than the other before the Percuſſion, 
there would remain afterwards only the exceeding 
Quantity, 'which would be the common Motion of 
the 'two Bodies. The two following Experiments 


ge err this. 
EXPERIMENT I. 
PREPARATION, 
Tux Ball D weighing 2 Ounces, and the Ball F 


much, one is raiſed in an Arch of 6 Graduations on 
: one 
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one Side, and the other in an equal Arch on the 
contrary Side; and both are let fall at * fame 
Ti ime. | : Ke oh ON 


ErxrFECTS 


Tursz two Bodies will meet each other in the 
loweſt Place of their Fall, where they will remain at 
Reſt, And their flattenings are greater than in the 
Caſe, wherein the Ball F falls in an equal Arch a- 
gainſt the Ball D at Reſt, or if it flies before it, 


ExPLANATIONS, 


Ix this Experiment, the Quantity of Motion i is e- 
qual on both Sides. For in each Ball before the 
Shock, we reckon 6 Degrees of Velocity drawn into 
2 Ounces of Maſs. Two Bodies that meet, moving 
contrary ways, give mutual Reſiſtance to each other. 
Here on each Side the Force or Power is kept in 
Equilibrio by an equal Refiſtance, and this Equili- 
brium produces a State of Reſt in both the Bodies. 

Tu x flattenings are greater than they were in the 
Experiments of the two firſt Propoſitions, in which 
we have always given 6 Degrees of Velocity to the 
ſtriking Body. But it muſt be conſidered, that the 
relative Velocity, on which the Force of the Shock 
depends, is double or more than double. For when 
the Ball D was at Reſt before the Shock, the relative 
Velocity of F was nothing elſe but it's proper Velo- 

city, 


city; that is 6, or leſs than 6, 1wheh/the Ball D fled 
before it. Here the two Balls having 6 Degrees of 
proper Velocity, in going one towards another, the 
relative Velocity is 123 that is to ſay, the Space 
which ſeparates them before the * is 1 in 
a8 lune Time again. 


i 
+ {> 


EXPERIMENT II. 


Purranarion 


IG two Balls D and F are made to move one 
towards another, as in the foregoing Experiment; 
and their Quantities of Motion are put in the Ratio 


of 12 to 24, by doubling the Maſs or r the YOU g 
of F. 


4 \ 
T's OY 
= %4C4 


1 e n $19 25 

E FFECT 8. 
* Jae 
11 


eren the Shock the two Balls continue to move 
in the Direction of F, with 2 "Degrees, of Velocity, 
if the Motion was doubled by the Maſs ; or with 3. 


5 


if it was doubled by the Velocity. | Nee 
Bt n Dan bf p 7 
ber, | Exyianarions, | off 


my} * " 


Ie che 24 Din of Motion of the Ball F okay 
from 4 Qunces of Maſs, and 6 Degrees of Velocity; 
when it meets the Ball D coming againſt it with 


12 Degrees 
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12 Degrees of Motion, produced by 2 Ounces into 
6 Degrees of Velocity; it oppoſes it's double Maſs 
and Half of it's Velocity to ſtop it, and that 1s ſuf- 
ficient. For 3 of Velocity into 4 of Maſs, equals 
the whole Motion of the Ball D, which is 12. There 
remains then to the Ball F 3 Degrees of Velocity, 
with which it continues to act upon D, which we 
muſt conſider as at Reſt immediately after the Con- 
tact, But it cannot move a Body at Reſt, but by 
communicating ſome Velocity to it at the Expenſe 
of it's own ; and we have ſeen, that this Communi- 
cation is made in the Ratio of the Maſſes. As the 
Ball D has but 2 Ounces of Maſs againſt 4, the Ball 
F will loſe only a third Part of the Velocity that re- 
mains to it. So that the common Velocity after the 
Shock, is 2 for two Maſſes, which taken together are 
equal to 6 Ounces, 

We ſee then, firſt that the Motion which remains 
after the Shock, is equal to the Difference of the two 
Quantities before the Shock; for 12 is the Exceſs of 
24 above 12. Secondly, that this Difference divided 
by the Sum of the Maſſes, gives the common Velo- 
city after the Shock. For 12 divided by 6, the Sum 
of 2 and 4 Ounces, gives 2 Degrees of Velocity, as 
the Experiment has repreſented it to be. 

We ſhould find the ſame thing if we had Joubled 
the Motion of the Ball F, by doubling it's proper 
Velocity. For then, in ordet to ſtop the Ball D, 
which we ſuppoſe to have 12 Degrees of Motion, 
and equal in Maſs, it would loſe 6 Degrees of Velo- 
city. And to carry it with it, it muſt ſtill communi- 
VOI. I. R cate 


2 58 Eee in e Pbiliſepby. 


cate to it 3 of thoſe 6 which remain to it. After the 
Shock there will then remain 3 Degrees of Velocity 
in common to 4 Ounces of Maſs, the Sum of the 
two Balls. And conſequently the Quantity of Mo- 
tion would be always 12, the Difference of 24 
and, | © ef 


APPLICATIONS. 


Tu Es laſt Experiments ſhew in general, why ve 
muſt uſe more Force to repel a Body that way which is 
contrary to it's Motion, than merely to ſtop it. For 
we muſt not only make Uſe of a Force equivalent 
to it's own, to overcome it's firſt Motion, but we 
muſt {till add all that is neceſſary, to make it acquire 
a new Motion. *Tis for this Reaſon that we muſt 
make a ſtronger Effort, to make a Ball go backwards 
which is rolling upon a Plain, than to ſtop it by op- 
poſing it's Progreſs. But we have, ſeen at the {ame 
Time, that the Effort of a moving Body which is 
going againſt another, may be increaſed both by it's 
Velocity and by it's Maſs, We therefore cannot be 
ſurprized to ſee, that Players at Tennis ſometimes 
find their Racket too light ; becauſe, ſuppoſing the 
Stroke to be ſtruck with the ſame Velocity, it's Effect 
will not be ſo great, if the Maſs with which it is given 
is too light and feeble, 


» | 4 4 
l 1 


CbROLLARY, 
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LET ef 


'Conoiiany, 


Ir follows from the two firſt Propoſitions, and 
from the Experiments made Uſ « of to prove them, 
firſt, that when the Motions are not mutually oppo- 
ite, the two Maſſes united after a Shock, exhibit the 
ſame Quantity of Motion which ſubſiſted in one of 
them, or in both before the Contact. Let us take 
the firſt Experiment of the firſt Propoſition for an 
Erample. 0 

Brok the Shock the whole Motion reſided in 
the Ball F, the Quantity of which was 12, the Pro- 
duct of 6 Degrees of Velocity by 2 Ounces of Maſs. 
After the Shock the Quantity of Motion in the two 
Balls united was ſtill 12, the Product of 4 Ounces of 
Maſs by 3 Degrees of Velocity in common. This 
Calculation may eaſily be applied to the other Expe- 
riments; and we ſhall always find the ſame Con- 
cluſion. 3 

From this firſt Conſequence there ariſes another, 
which is, that if* we know the common Velocity 
after the Shock, we may know what is the Sum of 
the Maſſes ; and vice verſd, the Sum of the Maſles 
will ſhew the comtion Velocity. For an Example, 
we will take the firſt Experiment of the ſecond — 
poſition. 

Tu x Sum of the Motions before the Shock was 518, 
that is 12 the Product of 2 Ounces by 6 Degrees of 
Velodity, and-6 the Product of 2 Ounces by 3 Degrees 

R 2 of 
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of Velocity. According to the firſt Conſequence, 

the two Maſſes after the Shock ought to exhibit to- 
e e Wee 

ths whole Mals is 4 Ounces,” Divide ig the Quality 

of Moti ion, wy 4 the Sum —— he "Maſſes, and and the 

Quotient 4 is the common Velocity. 

AGAIN, we know the common Velocity is 43, 
and we ſhall know the Sum of the Maſſes is 4, by 
dividing 18 by 43 L, 

LAST Iv, we fee by the third Propoſition, firſt, 
that when the Bodies ſtrike one another by meeting 
directly, a Part of the Motion is loſt. Second, 
that as in the other Caſes, we may judge by the coꝶ- 
mon Velocity after the Shock, and by the Ratio of 

the Maſſes, what were the proper Velocities before 
the Shock. Or elſe what is the Ratio of the Maſſes, 
by comparing the common Velocity with the prope 
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* the ETA of ae BODIES 
Hong 9NO 97 tw 1602 
N all the Paberimeitahich ins rwe as Proofs 
[*; of the Propoſitions concerning the Shock of non- 
elaſtick Bodies, we have always obſerved two principal 
Effects, that is, a Communication of Motion / from 
the ſtriking Body to the Body ſtruck, and a Change 
of Figure or a flattening of each at the Place of Con- 
tact. Theſe two Effects have one common Cauſe, 
which is the Percuſſion. Tis by this Action that 
the Velocity is tranſmitted, and is diſtributed uni- 
formly between the two Maſſes, But during the 
Time this Diſtribution is making between the two 
Bodies, their F igures fir changed, and the flattening 
that proceeds fr io thence; Yep ends particularly on the 
longer or ſhorts Kelter of the Body, that is ſtruck; 
"Tis for this Rehſdn, fat tho“ thedrelative Velocity 
ſhould be always the ſaffte, che Quantity of the flat- 
tenings would always vary, according to the Ratio of 
the Maſſes which ſtrike one another; as may be ob- 


ſerved from the foregoing Experiments, 
r 
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Ix the Shock of elaſtick Bodies, Nature is uniform, 
and always follows the Laws ſhe has preſcribed . 
ſelf, which we have ſeen in the Percuſſion of Bodies 
that are non-elaſtick. But as the Parts ſunk in by the 
Stroke, reſtore themſelves with the fame Velocity 
with which they were diſplaced ; this laſt Effect, 
which is blended with that of the Motion commu- 
nicated by the Shock, introduces a great Change in 
the Reſults, . 

Wr muſt therefore carefully diſtinguiſh two Sorts 
of Motion, in the Percuſſion of claſtick Bodies. One, 
which is independent of Elaſticity, and which we 
will call primitive Motion: The other ariſes from the 
Reaction of the Bodies, which are flattened or com- 
preſſed by the Shock, which we will call Motjon of 
Elficit, refleed Motion, or ſimply Reaction. 


anregt Art pff. 


PROPOSITION J. 


H EN an elaſtick Body ſtrikes another ela- 

ſtick Body which is at Reſt, or which moves 

the ſame way with It, this, after the Shock, moves in 
the Direction of the ſtriking Body, and with a Ve- 
locity compounded of that which was given it im- 
| mediately, or by Communication; and of that which 
it acquires by it's Reaction after the Shock. And 
the ſtriking Body, the Spring of which acts the con- 
trary way, loſes either wholly or in part what 1 
ep! 
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kept of it's firſt Velocity. And if it's reflected 
Motion "orc the Remainder of - it's firſt Ve- 
Jocity, it goes back. according to [the Quantity of 
this Exceſs. | 

THESE general 83 will be better under- 
ſtood, if we apply them to particular Caſes. Let us 
ſuppoſe then the Maſſes to be equal, In conſequence 
of this firſt Suppoſition, I ſay, that, after the Shock, 
that Body which was at Reſt will receive, ag well by 
Communication as by it's Reaction, a Quantity of 
Motion, equal to that which the other Body had be- 
fore the Percuſſion ; and this will be reduced to Reſt 
by it's Spring, which will deſtroy the Remainder of 
it's primitive Velocity. 

Ir we ſuppoſe the Maſſes to be unequal, and that 
the Body ſtruck is the leaſt ; after the Shock both will 
go in the Direction of the ſtriking Body, but this 
will have leſs Velocity than the other. 

LAS TL, if the Body ſtruck has more Maſs than 
the other, it will go alone in the Direction of the 
| ſtriking Body, and this will return backwards. 

Lr us make theſe three Suppoſitions real, by ſo 
many Experiments, which will ſerye as Proofs of gur 
firſt Propoſition, and of the Conſequences which we 
ſhall draw from thence. We ſhall make uſe of very 
round Balls of Ivory, which we ſhall ſuſpend by 
Threads, as we did thoſe of ſoft Earth, and by help 
of the ſame Machine: | 


R 4 EXPER I- 
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TRE Ball D at Reſt in 2 Ounces: The Ball 


F i is equal to it, and deſcends along a an Arch of 6 
Graduations, | 


EFFECTS. 
U a 1 4 9 | 
AFTER the Shock, the Ball F remains at Reſt at 
the Place of Contact, and the Ball D deſcribes an 
Arch of 6 Graduations on the oppoſite Side. This 
ſhew s, that the Body ſtruck received a Nerger equal 
to that of the ſtriking Bod. 0 


* * 
1135 
5 4 


ExPLANATIONS. 


TI E Ball F meeting the Ball D at Reſt, will com- 
municate to it half it's Velocity. becaulc of the Equa- 
lity* 'of their Maſſes ; and for the fame Reaſon it 
keeps 3, to continue it's Motion i in the fame Direc- ; 
tion, Such would be the whole Effect of this Per- 
cuſſion, if the Balls had no Elaſticity, as we have ſeen 
by the firſt Experiment of the firſt Article. But be- 
cauſe, of the Elaſticity, the Ball D heing ſqueezed to 
i's flattening, reſtores itſelf, being ſupported againſt 
the Bell F: which is: the Cauſg Ibat, this Reaction 
carries it forward, with the lame, Velocity it had been 
x compreſſed 
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compreſſed. But this Velocity, is half that which 
made the two Balls meet, chat is 5 
80 that after the Shock, & Balf D wil 4 
Degrees of Velocity, that is 3 which it has received 
by Communication, and 3 which proceed from it's 
Reaction. _ 

Tae Ball F has kept 3 Degrees of it's Primitive ö 
velocity; but it's Reaction, which is equal, is made 


the contrary way, and makes it reſt, : 15 [3SDDETC/ 
TI 
EXPERIMENT IL 
"2180097 T 9 A eee 
9D Parra. ou. > 42614} 26 
A 91}oqqo 20 nn 


Taz Ball D At gb ang and the Ball Pag, 
Ounces, to this are given 6 Degrees of Velocity, the 
other being at Reſt. 


Errers. 


* 


Ar r : R the : Shock, the Ball D deſcribes ; Grad 
ations, in the Direction of the Ball F, and this con- 
tinues to move « on. the ſame ſide, and deſcribes : 2 Gra- | 


"* =. 3. 3a. ot 
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in the Ratio of the Maſſes, independently of the Ela- 
ſticity, and after wurds ſee What the Reaction adds 'to 
this firſt Effect; or What ĩt takes from it. 

ineo N v2 "$7 r 


266 Lectures in Experimental Philgophy, 

I the Balls were not elaſtick, F of { Ounces 
meeting, D of 2 Oynces at Reſt, would loſe only 2 
Degrees of Velocity of the 6 which it has, and the 
two Maſſes would paſs on the ſame way with a com- 
mon Motion, the Velocity of which would be 4, as 
we have ſeen above, Prop. I. Exper. IT. But after 
the Shack, there js a reciprocal Reaction between the 
two Balls, becauſe of their Elaſticity z and this Re- 
action is equal to 4 Degrees of Velocity communi - 
cated, which have cauſed the Compreſſion, We muſt 
therefore conſider this Reaction as a Force, which ex- 
erts itſelf between the two Balls, to repel them from 
each other, It concurs with the Motion communi- 
cated to the Ball D, and increaſes it by half. On the 
- contrary it tends to deſtroy that which remains to the 
Ball F. But we muſt take notice, that this laſt Miſs 
is of 4 Ounces, double to the other, and that the 
Reaction which can make 2 Ounces advance 4 Spaces, 
to a Weight that is double, can only make it go back 
2 Spaces. Thus the Ball F, notwithſtanding it's Re- 
action, advances ſtill 2 Graduations after the Shock, 
by virtue of it's primitive Motion. 


EXPERIMENT II. 
PRE PARATION, 


Th nE Ball F of 2 Ounces, with 6 Degrees of Ve- 
Hes ſtrikes the al D at Reign Fþich weighs - 

ha g 
Erracrs 
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EFFECTS. 


ArTER the Shock the Ball D deſcribes 4 Gradu- 
| ations, in the Direction of the Ball F, and this re- 
turns back the Space of 2 Graduations, 


EXPLANATIONS. 


TAE Reſiſtance of the Ball D, againſt the Ball F, 
has reduced the primitive Velocity from 6 to 2, by 
virtue of it's double Maſs. But the 2 Degrees of Ve- 
locity, which it has received by Communication, have 
been the Occaſion of a Reaction of the ſame Quantity, 
which cauſes it to deſcribe 4 Graduations forward. 
The ſame Reaction acting upon F, which weighs only 
2 Ounces, ought to have produced a double Effect; 
that is to ſay, that in virtue of it's Elaſticity, it ſhould 
deſcribe 4 Graduations backwards; but it has kept 2 
Degrees of it's firſt Velocity. This Effect therefore 


is reduced to one half, ſo that it deſcribes no more 
than 2. 


APPLICATIONS, 


We may obſerve by the Reſult of the three Expe- 
riments, now produced as a Proof of our firſt Pro- 
poſition, that the Motion of Reaction, always doubles 
that which the Body ſtruck acquires by Communica- 
tion, For when the Ball D, by virtue of the pri- 
mitive Motion of F, ought only to have had 2, 3, 


or 
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of 4 Degrees of Veldeity, we have feen wat it had 
4\ 6, apap! 916 toi .,2ibod 289 Ow 0 

We mould farther” "obſerve, chat this ſame Re- 
action, which doubles the Motion of the Body ſtruck 
to go forward, cndeavours with ks much Polen to ke. 
pel the ſtriking Body backwards. But this laſt Effect 
diminiſhes as the Maſs increaſes.” For Example, 
when, by Virtue of this Force, the Ball D of 2 
Ounces, received 4 Degrees of Velocity forwards, 


the Ball F of 4 Que, reg See 2 an 
wards,  - 


TES two Obſervations 3 us cotmpre- 
hend the Reaſon of ſeveral Effects, which we have 
every Day before our Eyes, and which it would be 
difficult to explain wirkous the * of theſe Prin- 
ciples. | 

AL: Artificers that work in-their-Chambers upon 
Anvils, or Heaps of Iron, as Planiſhers, Goldſmiths, 
Watchmakers, Sc. never fail to deaden their Blows 
by a Roll of Matting, or ſomething of a like nature, 
upon which they place the Block that bears the In- 
ſtrument. Without this Precaution, a great Part of 
the Force impreſſed by the Hammer, would be tranſ- 
mitted to the Floor, and . OR r to 
the prejudice of the Building. 

Ts for like::Reaſons; that ai the 
Ramparts of fortifyed Places of Brickwork. For if 
they build them of Free- ſtone, or other hard Mate- 
rials, when Cannon-Balls come to ſtrilee againſt theſe 

elaſt ick Bodies, they would tranſmit their Motion to 
nete, and would cauſe n 
TIE 
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Taz Effects which reſult, from the reciprogal, Re- 
action of two elaſtick Bodies, which are ſqueezed by 
Percuſſion, would be the ſame. if theſe two Bodies, 
abſtracting from their Elaſticity, had-prefled between 
them a third, Matter capable of reſtoring itſelf, As 
if for Example, a Ring of Steel, Fig. 18. was ſtruck 
at the ſame time on each Side, by two Balls A and 
B, ſuſpended by Threads. This Ring compreſſed 
by the double Shock, as it reſtored itſelf would; repel 
the two Bodies which.had ſtruck it, at Diſtances pro- 
portional to their Maſſes. That is to ſay, equally fur 
if they were equal, or that of the two the e 
which is not ſo heavy as the other. 

W᷑ are to expect the ſame thing from a Body, 
the Spring of which being bent-before-hand, unbends 
itſelf between two moveable Bodies. As if the Steel 
Ring we ſpoke of was compreſſed: by a diamettical 
Thread, and was permitted to unbend againſt tho two 
Bodies A and B. They would be both impelled con- 
trary ways, and u Diſtances whick gs be in a re- 
ciprocal Ratio of their Weights. chiſwy aoꝗt 
Turks Effects, which — from our 
firſt Propoſition, will ſerve to explain the reedilig of 
Guns, Fuſees, and all Fire- arms. For we ought to 
look upon the Powder, whichiis fired betweeny the 
Breech and che Ball, as a Spring which unbends Both 
ways. It's Action in che two moving Bodies pro- 
duces a Velocity which is ſo much the greater in one 
of the two, as id Maſs is relatively leſs than the 
other. So. that 28 (che: Cannon; the Muſket, Cc. 
(eſpecially the Obſtacles which | retain 

4 | them) 
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them) are much more difficult to move, than the 
Ball or Bullet with which they are charged; we may 
eaſily couccive, why the latter Body receives from 
the inflamed Powder a vaſtly greater Velocity. 
AwnoTHzr Reaſon farther contributes to augment 

the Velocity of the Ball. Tis a certain Length given 
to the Cannon, which affords time to the Powder to 
light, and to exert it's whole Action. If it is too 
ſhort, the Bullet will be gone out before the Explo- 
ſion is entirely finiſned. This is one of the Reaſons 
why Piſtols never carry ſo far as Guns: And their 
Barrels are made longer, when they are intended to 
ſhoot at a good Diftance. But even this Length has 
it's Limits. And when theſe are exceeded, inſtead of 
giving a greater Velocity to the Ball, on the contrary 
they loſe Part of it by a needleſs Friction, which 
would be prevented if the Barrel had a due Propor- 
tion. N | | 
As to the Recoil we may ſay in general, that ſup- 
poſing the Quantity and the Quality of the Powder 
to be alike, a Gun recoils ſo much the more, as the 

Charge of the Bullet makes the more Reſiſtance, ei- 
ther by it's —_ or by the Wadding that keeps 

Kia 5 

A Rocket flies op, becauſe it's 1 Part, which 

is ñired, performs the Office of a Spring, which acts 
one way againſt the Body of the Rocket, and the other 
way againſt a Volume of Air, which does not yield 
ſo faſt as it is impelled. And as this Spring is con- 
tinually rene wed by the ſucceſſive Inflammation of all 
the Parts of the Rocket, it accelerates its Motion 
1 ; for 
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for two Reaſons. Firſt, becauſe it is contained in the 
Body itſelf, and therefore adds continually to it's 
Velocity. And, ſecondly, becauſe the Weight or 
Reſiſtance of this Body is diminiſhing every Inſtant, 
by the Diſſipation of the Parts as they burn away. 

IT may be aſked here, why upon a Billiard-Table, 
when a Ball is ſtruck againſt another at Reſt, the 
ſame thing does not happen as in the firſt Experi- 
ment, which ſeems to be juſt the fame Caſe ? When 
the Balls are equal, why does that which ſtrikes con- 
tinue almoſt always to move? Onght it not to reſt 
without Motion aſter the Shock, as it happens * 
Ball F, when it meets with D at Reſt? 

Tnovon theſe two Cafes ſeem to be like, yet 
they differ in this, that the Ball F in our firſt Experi- 
ment, has only one fimple and direct Motion, where- 
as tlie Ball we would compare with it has two Mo- 
tions. For not only it's Centre moves in a Right- 
Line, but at the ſame time it rolls upon the Plain, 
and all the Parts of it's Surface, deſcribe 
Circles about it's Axis. When it ſtrikes a Hall at 
Reſt, the direct Motion of it's whole Mafs is ſtopt, 
for the Reaſons we have alledged. But that of it's 
Parts revolving about the common Axis ſubſiſts. So 
that at the Inſtant of the Shock, if the Plain were to 
vaniſh, and it was ſupported by it's Poles, we ſhould 

ſee it turn round without going forwards or back- 
wards. But if this Motion of Rotation is made upon 

a Plain, it muſt neceſſfarily carry the Ball forward 3 
| nnen | ; ot? 


125 


. _ "FEY P OSITION 1. 


TE two o elaſtick Vodice, whether equal or unequal 
in Maſs, ſtrike one another with proper Velocities, 
which are either equal or unequal 3 they will ſeparate 
after the Shock, and their relative Velocity will be 
the ſame as before the Shock: 

, Ir theſe two Bodies were non-elaſtick, cada = 
would reciprocally ſtop one another, or one of the two 
would carry away the other, as we have ſeen by the 
Experiments of the firſt Article, If they ſeparate; 
tis only in virtue of their Reaction. But we haye 
allo ſeen, that this Reaction is equal to the Com- 
preſſion, which is as the relative Velocity before the 
Shock. Therefore that which reſults. from it after 
the Shock muſt be equal to it; and this is what 
* confirmed by the — „ 


_— 


BXPBRIMENT. 9 


7 Ball D Sadie 2 8 Ne the Ball F 
"6 ſame; they are made to fall againſt, one another 
Mong Arches of 6 Grad vations each. This is the 


«7 Oo wi, 4 Caſe 
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Caſe wherein the Maſſes and che proper Velocities are 
equal. 


ErFEcrTs. 


 ArTER the Shock the two Balls ſeparate, and 
each on it's own Side aſcends an Arch of 6 Gradua- 
tions. Thus the proper Velocities are of 6 De- 
grees, and the relative Velocity of 12, „ As before 
the Shock. 


ExPLANATIONS. 
Tur two Balls, by ſhocking one another with 
equal Forces, will loſe all their primitive Motion 3 
but a Reaction equal to the Force with which they 
were compreſſed, or (which is the ſame thing) equal 
to their relative Velocity, has put them in a Capacity 


of re-aſcending the ſix Graduations which ny had 
deſcribed by their Fall. | =" i 


EXPERIMENT II. 
PLL Olive 


Lr there be given to the Ball D 4 Ounces of 
Maſs, and to the Ball F 2 Ounces, and let them fall 
one againſt another, the firſt along an Arch of 4 Gra- 
duations, and the ſecond along an Arch of 8. This 
is a Caſe wherein there 1 is an Equality of Maſſes, and 

S of 
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of proper Yelocities, tho* the. relative Velocity is 
ful ns 


Errors. 


Ar rx the two Balls have ſtruck, they return to 

5 Fa Place-from whence they parted before the Shock; 

which ſhews, that the relative Velocity is the ſame ay 
before the Shock, 


EXPLANATIONS, 


Ir the two Balls D and F of this Experiment had 
no Elaſticity, they would mutually ſtop each other, 
becauſe their Forces are equal. For 4 Ounces of 
Maſs, drawn into 4 Degrees of Velocity, give 16 for 
the Quantity of Motion; which is equal to 8 De- 
grees of Velocity drawn into 2 Ounces of Maſs. 
But theſe two Balls are elaſtick, and their Compreſ- 
ſion is the Effect of a relative Velocity of 12 Degrees, 
The Reaction is therefore a like Velocity applyed on 
one Part to a Ball of 2 Ounces, and on the other to a 
Ball of 4 Ounces. But the Force which can tranſport 
2 Ounces to 8 Graduations, can make a Maſs of 4 
Ounces deſcribe only 4 Graduations, in the ſame 
Time. Therefore after the Shock, the two Balls 
ought to return to the Places they parted from, as the 
Experiment ſhews they do. 


— APPLICATIONS 


Lefures in Experimental Philoſophy. 275 


APPLICATIONS; 


WHAT we have taught concerning the Percuſſion 
of two elaſtick Bodies, obtains alſo when there is a 
great Number of them contiguous to one another, 
And theſe Effects are executed with an Exactneſs to 
be admired. If for Example, we ſuſpend 7 or 8 
Ivory Balls, ſo as to have their Centres all in the 
ſame Right Line, as is repreſented i in Fig. 19. and if 
we make the firſt to fall in an Arch of a Circle 
againſt the ſecond; the eighth will ſeparate from 
the others with a Velocity equal to that, which the 
ſecond would have had after the Shock, if nothing 
had hindered it's Motion, And if we make two 
together to fall againſt the third, the two laſt will 
ſeparate from the others, which will all continue at 
Reſt. | 

In like manner alſo, if we make the eighth to fall 
againſt the ſeventh on one Side, and the firſt againſt 
the ſecond on the other; theſe two ſtriking Balls 
will aſcend after the Shock, by the fame Arches that 
they will deſcribe in deſcending, as if their Percuſſion 
had been immediate. 

To explain theſe Effects it muſt be remembered, 
as we have obſerved above, that an elaſtick Ball, in 
the Inſtant of ſtriking, aſſumes an Oval Figure, by 
which not only the Part ſtruck is brought nearer the 
Centre, but alſo that which is diametrically oppo- 
ſite to it. Theſe-two Parts reſtore themſelves im- 
S 2 mediately, 


„„ 
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mediately, and with Velocities equal to that with 

which their Compreſſion was made. We may con- 
ceive then, that the ſecond Ball being ſtruck by the 
firſt, immediately ſeparates itſelf a little from the 
third; and as well by Communication as by Re. 


action, having aſſumed a Velocity equal to that of 


the Body which ſtruck it, as we have explained in 
the firſt Experiment of the firſt Propoſition z it does 
to the following Ball what the firſt did to it. The 
ſame thing is done by the third and the fourth, and 
ſo on to the laſt, which being with-held by nothing, 
complies with the Impulſion it has received, and 


deſcribes an Arch which expreſſes a Velocity, equal 
to that of the firſt ſtriking Body. 


Trzsz Examples of Motions communicated by 
contiguous elaſtick Bodies, will be of good Uſe to 
us hereafter, in confirming ſome Opinions (other- 
wiſe very probable) concerning certain Phænomena, 
in the Explication of which, the Philoſophers are 
not yet agreed. We ſhall content ourſelves at pre- 


ſent to ſettle theſe Experimental Principles, which 


we ſhall afterwards make uſe of and appeal to, as 
the order of our ſeveral Subjects may require. 


COROLLARY. 


| Sy may be obſerved from the Experiments we 
have produced, that when the elaſtick Bodies ſtrike 
one another in ſuch manner, that they continue to 
move in the ſame Direction, or that one of the two 


remains 
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remains at Reſt after the Shock; that then the Sum 
of the Motions is the ſame after as before the Per- 
cuſſion. For immediately before the Shock in the 
firſt Experiment, all the Motion reſided in the Ball 
F, the Quantity of which is 12, that is 6 Degrees 
of Velocity drawn into 2 Ounces of Maſs. And 
after the Shock a like IS is OY again in che 
Ball D moving alone. | t 

Bur if one of the two returns babes 
Quantity of Motion is found to be greater after the 
Shock than before, as appears by the Reſult of the 
third Experiment, For before the Ball F meets the 
Ball D at Reſt, it's Quantity of Motion is 12, that 
is 6 Degrees of Velocity drawn into 2 + Ounces of 
Matter. And after the Percuſſion the Sum of the 
Motions is 20; that is 16 in the Ball D, the Pro- 
duct of 4 Ounces by 4 Degrees of Velocity, and 4 in 
the Ball F, the Product of 2 Ounces by 4 Degrees of 
1 

Nor only the Sum of the Motions is greater after 
the Shock, but that of the Body ſtruck even exceeds 
that of the ſtriking Body before the Contact. For 
in the Ball F before the Shock the Motion was 12, 
and after the Percuſſion it is 16 in the Ball D, as we 
have now obſerved. 

| Tris Exceſs or this Difference of Motion i in the 
Body ſtruck, is exactly equal to the Quantity of that 
which is retrograde after the Shock. This is what 
we ſhall ſoon perceive, if we conſider that the Quan- 
tity of Motion in the Ball F, which returns- back- 
wards is 4, the Difference between 16 and 12. 


Tus 
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Tnus the Maſſes being known, if we know alſo 
the Velocity of that which goes backwards after the 
Shock, we may know the Quantity of Motion of 
the other, and what was the Sum of the primitive 
Motion. DE 

Wr muſt not quit this Subject without taking 
notice, that we are not to eſtimate the Impulſe of 
Fluids, by the Rules we have ſettled concerning the 
Percuflion of ſohd Bodies, For theſe having their 
Parts connected together, act with their whole Mafgy 
but it is not fo with the Action of the others, becauſe 
of the relative Mobility of their Parts. None of them 
make any Effort but ſuch as are immedlately and 
directly expoſed to the Shock. The reſt do not loſe 
their Velocity, and conſequently contribute nothing 
to the Effort, Wherefore Water and Wind, .do not 
communicate at once their actual Velocity to a moving 
Body; *tis only after a certain Time, that it receives 
the whole Motion that can be tranſmitted to it. We 
may eaſily be convinced of this, if we obſerve the 
Sails of a Wind-mill, or the Wheel of a Water-mill, 
when they ar: firſt put into Motion. 
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